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EXECUTIVE SUMMARY

Atlantis Submarines Inc. is Propesing to operate submers-
ibles as a pPublic attraction in Hawaiian waters off the islands
of Hawaii ang Oahu. fThis Environmentai Impact Statement addres-
Ses only the bProposal to operate three submersibles off Waikiki,
on the island of Oahu.

Sub Aquatics Development Corporation, the parent corporation
of Atlantis Submarines, Inc., is the established world leader in
the development of passenger carrying submersibles ang is the
first ang only company in the world to design, construct, ang
operate submersibles specifically for the purpose of providing
Underwater tours, The company Presently operatesg submersibles off
Grand Cayman, Barbados and the u.s. Virgin Islands in the carip-
bean. The operational plan for Hawaiian waters ig based upon the
company's experience in those Jurisdictions.

in the United States. Each will accommodate 46 pbassengers, seated
opposite 20-inch diameter view Ports in an air conditioned atmo-
Sphere maintained at normal surface pPressure. The design, manu-
facture, ang operational Procedures will pe approved by the
American Bureay of Shipping and the United States Coast Guard,
and insurance Coverage provided by Lloyds of London.

Passengers will burchase reservations for specific dive
tours which cperate each hour between 0800 ang 2200 hours, seven
days a week. Passengers will pe ferried from shore and trans-
ferred to the Submarine over the dive site for a 50 minute under-
water tour. Each tour will follow a pre-defined route within a
Prescribed area (the dive site) at depths ranging from 85 to 250

No part of the Project entails Specific construction activi-
ties on lang. Office and warehousing space will be leased at a
location in Honolulu with adequate parking for Passengers arriv-
ing in private vehicles. fThis parking area will act as central
staging area, to and from which bus transportation will be pro-



vided to a passenger loading site, probably at Aloha Tower in
Honolulu Harbor. The City and County of Honclulu, Department of
Land Utilization has determined that a Special Management Area
Permit will not be required for this project.

Following the final dive of each day, the submersible and
the transfer platform will be towed to a moorage site in Keehi
Lagoon for maintenance procedures. The below-deck space of the
transfer platform will be suitably equipped for recharging the
submersible's systems and the performance of routine maintenance
procedures.

The dive site has been selected on the basis of criteria
developed by the company through its Caribbean operating experi-
ence. The primary criteria for selection of a satisfactory dive
site are a shore pick-up area in close preoximity to a large
tourist center, a dive site sufficiently near the shore pick-up
area to permit the shuttle craft to maintain a 50-minute turn-
around time, favorable sea conditions throughout the year (suit-
able sea state, water visibility, and underwater currents), and
appropriate depth ranges for submersible operations.

Selection of a dive site offshore of and towards the eastern
end of Waikiki represents a compromise from an earlier preferred
site closer to Honolulu Harbor. The site proposed herein was ar-
rived at with the endorsement of the Maritime Affairs Committee
of the Chamber of Commerce of Hawaii, which includes repre-
sentatives of the State Harbors Division, the U.S. Coast Guard,
the Maritime Pilot's Association, and the Hawaii shipping in-
dustry.

Little or no natural viewing in the form of limestone for-
mations or coral is present near the proposed site, and the bot-
tom of Mamala Bay at depths exceeding 80 feet can be charac-
terized by featureless, sand and limestone. This bottom does not
provide sufficient natural viewing for an optimum level of pas-~
senger satisfaction. In order to enhance the underwater viewing,
Atlantis Submarines Inc. proposes to construct several habitat
structures (known as artificial reefs) utilizing sunken vessels
and open-modular structures based on the latest bottom fisheries
enhancement technology. Two ships will be placed on the bottom
to serve as focal points for the dive tours. The purpose of the
habitat structures, including the sunken vessels, will be to en-
hance the biological productivity of the site and add interest
from the standpoints of aesthetics, marine education and scien-
tific research. Educational aspects of the habitat structures,
the scientific studies being conducted at the site, and the
natural marine life will be emphasized during the dive tours.

The proposed project has no significant adverse impacts.
The submersibles are non-polluting and non~destructive of natural
resources. Surveys of the dive site reveal that the benthic mar-
ine environment is characterized by sandy bottom of Ilow-relief
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and a paucity of marine life. Enhancements proposed for the sites
will not adversely impact existing natural resources. To the
contrary, the development of habitat structures will be scien—
tifically designed to substantially increase the local biological
productivity.

The State of Hawaii has established as a priority the en-
couragement of the economic development of its ocean resources.
This project has the potential of setting Hawaii apart from the
rest of the nation in being the first state to provide the oppor-
tunity for all to experience an underwater world that is cur-
rently accessible to very few.

The direct benefits of the project to Hawaii can be readily
assessed in terms of capital expenditures, employment, promotion
of tourism, scientific research, and education. The indirect,
and potentially more valuable, long range benefit of the project
will be its contribution to increasing public awareness of the
importance of the ocean's precious resources.
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SECTION A.

INTRODUCTION

Research submersibles, vehicles built and designed to
explore and conduct work in the deep sea, have undergone a
quiet technical evolution since the 1930's and have been
utilized in Hawaiian waters for several decades. The first
free-diving vessels accommodated no more than one or two
people and offered very limited viewing of the deep sea
realm through small ports. Early advances in the technology
of these vehicles concentrated on maneuverability, reli-
ability, safety, and operating depth. Manned vehicles have
now reached the deepest parts of the oceans, descending to
depths of over 35,000 feet (The "Trieste" diving in the
Mariana Trench in 1959). Technological advances now enable
submersibles to accomplish an expanding range of practical
applications.

The "discovery" of the "Titanic", which sank in the
North Atlantic in 1912, using the submersible "Alvin" and
its robot "Jason" was an internationally publicized demon-
stration of how technically advanced undersea exploration
has become. The current exploration of the volcano,
"Loihi", 18 miles off the Big Island and 3000 feet below the
sea surface, is an application of this advanced technology
in local waters.

A natural outcome of the advances in this field is the
concept of utilizing submersibles to satisfy an increasing
public interest in underwater exploration. The proposed in-
troduction of submersible vessels as a commercial tourist
attraction in Hawaiian waters, presented in this Environ-
mental Impact Statement, bring the opportunity for all to
experience that which has been accessible to only the most
avid divers and a relatively small contingent of profes-
sionals working in the field. The ramifications of this
proposal go beyond the commercial nature of the venture,
producing spin-off benefits to Hawaii by way of enhanced
public awareness, education, scientific research, and pro-~
vide the opportunity for Hawaii to remain in the forefront
in tourism and undersea development.
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B.1

BECTION B,

PROJECT DESCRIFTION

ATLANTIS SUBMARINES, INC.

Atlantis Submarines, Inc. {("Atlantis Submarines”) is a
Hawaii subsidiary of Sub Aquatics Development Corporation
("Sub Aquatics") of Vancouver, Canada. Sub Aquatics was
founded in 1983 to develop, manufacture, and operate
"atlantis" passenger submarines for the purpose of providing
underwater tours in tropical resort areas. The company was
formed by a core group with over 50 years combined expertise
in commercial submersible technology and operations.

Sub Aquatics designed and built the "Atlantis" Sub-
marine systems which are operated in the Cayman Islands and
Barbados by wholly owned subsidiaries. The submersible,
"aAtlantis I", has been operating in Grand Cayman since
January 1986. "Atlantis II", after being featured at Expo
86, has been operating in Barbados since February 1987.
"atlantis IXII" began operations in the U.S. Virgin Islands
in July 1987. To date, more than 100,000 passengers have
been carried in over 5,000 operating dives in these opera-
tions.

Atlantis submersibles operating or under construction
at this time are:

-- Design Series 1 / 28 passenger --
- "atlantis IY, delivered
Cayman Islands, Nov. 1985

- "atlantis II", delivered
to Barbados, Dec. 1986

-- Design Series 2 / 46 passenger --—
- BAtlantis III%, delivered
to st. Thomas, Virgin Isl.,
May 1987.

- “atlantis IV" (undergoing
sea trials on West Coast)
planned for Kona, Hawaii.

The delivery of "Atlantis III" to St. Thomas, Virgin
Islands established the first tourist submersible operation
in United States waters, with all design, construction, and
operational procedures having been reviewed and approved by
the U.S. Coast Guard. A similar review and approval of each

3



unit delivered to Hawaii will be undertaken by the U.S.
Coast Guard. The proposed operation in Hawaii (AECOS,
1987b) will be the first such submersible tour outside of
the Caribbean.

EQUIPMENT DESCRIPTION

Atlantis submarines (Figure 1) are special purpose,
multi-passenger submersible vessels designed to provide an
authentic underwater experience in an aesthetically pleasing
setting with good visibility for a large number of passen-
gers (28 in Series 1; 46 in Series 2 and 48 in Series 3).
These submarines are highly maneuverable, ensuring close-up
viewing of reefs and marine life. The series 3 vessels to be
used in Hawail are self-powered submersibles, sixty-five
feet long, displacing eighty tons and with a designed oper-
ating depth capability of two hundred and fifty feet. Table
i is a summary “"fact and specifications” sheet for the At-
lantis Series submersibles.

The passenger area is air-conditioned, of interior
height sufficient to stand in, and maintained at normal at-
mospheric pressure while submerged. Passengers sit back-to-
back on molded seats (Figure 2) in two long rows down the
center. They face close-set, twenty-inch diameter viewing
ports, below which are tethered marine life jdentification
charts. Navigational floodlights aid viewing at depth and
during night dives.

The Atlantis submersible is a highly technical machine,
with all essential operating systems duplicated. Incorpor=
ated in the design are electric and hydraulic systems,
pneumatic high and low pressure systems, closed circuit life
support and air conditioning systems, computerized motor
controls and ballast controls, high pressure compensated
mechanical assemblies, and extensive electrical systems in
three power voltage ranges with over 4,800 wire termina-
tions. This equipment is all certified by the American
Bureau of Shipping and must be serviced and maintained in
accordance with their rules and in accordance with extensive
manuals and procedures developed by Sub Acquatics. operating
procedures are very elaborate and specific to ensure safety
and reliability.

Up to 14 dives of approximately 1 hour duration can be
performed daily, seven days per week, allowing for a nine
hour night servicing period during every 24-hour period.
past commercial submarine operations have required extensive
post-dive maintenance with the submersible recovered aboard
a support ship. The design incorporates a complete in-water

servicing program including battery recharging, recharging
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SIZE:

WEIGHT:

OPERATING DEFTH:

CERTIFICATION:
INSURANCE:

PASSENGER CAPACITY:

CREW NUMBER:

CABIN PRESSURE:

VIEWING:

LIGHTS:
(Night dives)

PROPULSION:

BUOYANCY:

SAFETY FEATURES:

TRACKING AND
NAVIGATION:

AIR SUPPLIES:

COMMUNICATION:

TABLE 1
ATLANTIS SUBMARINES
FACTS AND SPECIFICATIONS

Series 1 -50 fr. overall, 13 ft. beam,
) 8 ft. draught
Series 2 and 3 -65 ft. overall, 13 ft. beam,

8 ft. draught

Series 1 ~98,000 lbs. (49 tons)
Series 2 and 3 -160,000 1bs. (80 tons)

Series 1 and 2 =150 feet
Series 3, =250 feet

American Bureau of Shipping

Lloyds of London

Series 1 -28 people
Series 2 =46 people
Series 3 -48 people
Series 1 - 2 people

Series 2 and 3 - 3 people

None (air-conditioned comfort)
Sealed hull is maintained at normal
atmospheric pressure.

Extra large (52") front viewport.
Large (20") diameter viewports,

Series 1: 8 on each side;
Series 2 and 3: 13 on each side

Normal navigational lights, plus

Series 1: 12 floodlights; 4 at front
and 4 on each side

Series 2 and 3: 16 floodlightss &4 at front
and 6 on each side

DC battery powered electric thrusters; two
forvard/reverse, two vertical, and one bow
thruster.

Sealed water tanks are adjusted to provide
slightly positive buoyancy. Vertical thrust-
ers maintain submarine at operating depth.

Secondary system of air tanks supplies backup
if {iqulred and submarine surfaces automat-
ically.

All s{stems are duplicated. Surface vessel

travels with the submarine and is in constant
contact by underwater telephone or by VHF radio.

Navigation by buoys, visual contact and
instruments. .

0 and CO2 scrubber system typical of commer-
clal and military submarines.

Underwvater telephone and VHF.
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of the high pressure air systenm, replenishment of life sup-
port materials, and preventative maintenance and repair.

The three man crew is fully qualified. 1In addition to
the qualifications and training required by the American
Bureau of Shipping and Lloyds of London, the company re-
quires that pilots have a strong technical background and
have experience in marine biology. The pilot is positioned
in front of a fifty-two inch plexiglass dome in the nose of
the submersible (Figure 3). A co-pilot, situated aft, con-
ducts a running commentary of the reef and animal life being
viewed by the passengers. All crew members are fully
trained in the submarine's safety procedures.

The submersible submerges by filling its ballast tanks
with seawater until the vessel is slightly positively buoy-
ant. Vertically mounted thrusters then power the vessel
down. Because the vessel is maintained positively buoyant
when underway, the submersible will automatically rise to
the surface in the event of a power failure. As a further
safety feature, five thousand pounds of lead can be released
mechanically to cause the vessel to rise to the surface in
an emergency. In addition, Atlantis carries life support
systems sufficient to enable the craft to stay submerged for
up to seventy-two hours with its full complement of passen-
gers and crew.

The precise and carefully documented operating proce-
dures ensure that the submersible is never operating in a
depth greater -than its approved design capacity. The sub-
mersible has been developed under American Bureau of Ship-
ping (ABS) and United States Coast Guard (USCG) standards,
which are the highest in the world. The vessel is class~
ified under the ABS rules for underwater equipment and
vehicles which govern the design, production, and operation
of submersibles. This endorsement has enabled Sub Aquatic
Development Corp. to secure comprehensive insurance coverage
through Lloyds of London.

while underway beneath the sea surface, the submersible
is accompanied by a surface tender (Figqure 4). The primary
function of this support vessel is to provide surface
clearance for the submersible's ascent, and to ensure con-
stant underwater communications via the underwater telephone
as well as VHF ship-to-shore communication.



B.3 OPERATION DESCRIPTION
B.3.1 Previous and On-going Experience of the Company

Grand Cayman Island in the Caribbean was chosen in
1984 as the first site of operations for Atlantis submer-
sibles because it is a representative tropical resort area
and its small size would simplify the collection of
information regarding the market acceptance of the first
such operation in the world. "“Atlantis I" was delivered to
the Cayman Islands (Caribbean) in November 1985. In Decenm-
ber 1986 "Atlantis II" was delivered to Barbados following
six months on display at Expo 86 (the Vancouver World's
Fair). In May 1987, "Atlantis III" was delivered to St.
Thomas, Virgin Islands.

Each of the Caribbean operations makes a total of 12
dives each day at sites located in accordance with criteria
established by the company (see Section B.3.4). Operating
procedures are similar to those proposed for Hawaii as
detailed herein (Section B.3.2).

The underwater tours in the Caribbean take passengers
to depths of up to 150 feet to view the face of the coral
reefs and the abundant animal life. In Grand Cayman the
tour includes a shipwreck (an accidental sinking not re-
lated to the submersible operation). In Barbados, the tour
includes a sunken vessel which was placed intentionally on
the bottom by the Barbados government to develop underwater
viewing and enhance marine life for divers.

During each tour a surface vessel accompanies the At-
lantis submersible directly overhead and maintains radio
communication. Throughout the day, the pilot of the sub-
mersible alternates with the escort boat pilot, and the
submersible's co-pilot interchanges with the co-pilot
accompanying passengers aboard the shuttle craft.

B.3.2 General Description of Proposed Hawail Operations

Atlantis Submarines anticipates developing an opera-
tion on each of the Hawaiian Islands of Oahu and Hawaii. A
Maui operation is being studied. This EIS document
presents a proposal to operate up to three submersibles off
Waikiki on the Island of Oahu. Atlantis hopes eventually to
intreoduce a total of eight submersibles to the Hawaiian Is-
lands. An increase in the number of submersibles operating
at any one location up to three will not require any change
in the size of the operating area because the dive tours at
that site can be staggered. If more than three submers-
ibles cperate within a dive area, the size of the primary

8
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dive area and the habitat enhancement program as described
herein may need to be expanded.

An elaboration of both the operation and the con-
straints on the operation is necessary to explain how both
the proposed operations and the specific criteria for se-
lecting operating areas were developed. These criteria are
listed in Section B.3.4 and discussed further in Section G
(Alternatives). A general description for a typical Hawaii
operation will entail the following:

(1) Passengers holding reservations for a dive
tour will arrive at a central location with ample
parking for private vehicles or be brought to that
location by buses or passenger vans making regu-
larly scheduled stops at hotels and resort centers
in the surrounding area:;

(2) transportation by group transport will be
available to a disembarkation point where the pas-
sengers will board a surface shuttle vessel making
once hourly round-trips to the dive site;

(3) at the dive site, passengers will transfer to
the submersible or, if required by sea conditions,
transfer first to a platform moored over the site
and then to the submersible. Simultaneously, pas-—
sengers who have just completed a dive on the sub-
mersible will transfer to the shuttle for return
to the shore;

(4) following an orientation session explaining
the safety features of the submersible, the new
passengers will commence a 50-minute underwvater
tour of the dive site, during which they will view
the marine life of the reef, habitat structures

and sunken vessels as discussed in Section B.4;

(5) during the 50-minute period the submersible is
on an underwater tour, the shuttle vessel will
return those passengers that have completed a tour
and pick up and return with the next tour group:
and

(6) returning passengers will be transported back
to the central staging/parking area where group
transportation will be provided back to hotels and
resort centers for those without private vehicles.

The submersible will make 12 dives per day, with the
first dive commencing at 8 am and the last dive finishing

11



at 11 pm. Upon completion of an operating day, the submer-
sible will be towed back to. a night moorage/maintenance
site, where battery recharging, recharging of on-board
pressurized air systems, and preventative maintenance will
be completed prior to the start of operations the next day.

B.3.3 Proposed Operations at Honolulu, Hawaii

Until more favorable arrangements for shore facilities
are secured, passengers for each dive cycle off Honolulu
will be bused from a central location or perhaps several
locations in Waikiki to a boarding area at Aloha Tower.
Buses will be 48-passenger size, provided through contract
with an existing Oahu busing company. Just prior to stop-
ping at Aloha Tower, the bus will stop at a staging/parking
area provided for passengers arriving by private vehicles.
This parking area will be located in the commercial dis-
trict of Honolulu and leased by Atlantis Submarines for of-
fice space, general storage, and parking.

An approximately 50-foot long shuttle boat will trans-
port each group of passengers either directly to the sub-
mersible or to an offshore platform moored over the dive
site. The shuttle boat will make one trip each hour while
a single submersible is operating and two trips per hour
for two submersibles. Two shuttle boats will be needed to
service three to five submersibles eventually planned for
this site.

An offshore platform will be available for use at the
dive site to aid in the transfer of passengers between the
shuttle boat and the submersible. A design is presently
being considered which would functionally combine this
transfer platform and a maintenance platform (see Section
B.4.5). The transfer platform will need to accommodate the
nearly 100 people representing arriving and departing
groups of passengers at maximum capacity. Restrooms will
be provided aboard the shuttle craft and on the platform.
When on-site, the platform will be moored utilizing a
standard four-peoint mooring configuration (see Section
B.4.4) within the dive area.

Outside of operating hours, the submersible and the
transfer platform will be towed to a night moorage in Keehi
Lagoon. Here, recharging of systems and routine main-
tenance will be undertaken on the submersible. The floating
platform will contain below deck all equipment required for
servicing of the submersible. A diesel generator (120 kva)
and air compressors will constitute the major equipment
items. Application for a permanent mooring site in Keehi
Lagoon will be made through the Harbors Division of the
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State of Hawaii, Department of Transportation. -

B.3.4 Operating Area -- General Description -

The primary criteria in the selection of an operating

site for a viable, commercial submersible tour are: "
(a) a shore pick-up area in close proximity to a
large tourist center:

(b) an underwater dive site sufficiently near the
pick-up area to permit the shuttle craft to leoad,
travel to the submersible, exchange passengers, i
and return within 50 minutes;

(¢) sea conditions typified by calm surfaces
throughout the year;

(d) good underwater visibility and low current
velocities at the dive site; o

(e) depths ranging between -60 feet (below the
depth of water motion from large sea swells) and
no more than -250 feet (maximum certified dive
depth) within the area traveled by the submersible
during a dive tour; and

(£) underwater attractions providing for an
interesting tour route within a relatively small
area (on the order of 8 acres in extent). .

The proposed dive area will consist of a primary site
of approximately 4.6 acres (200,000 square feet) in a rec-
tangular configuration. Overall dimensions will be on the
order of 400 by 500 feet. With one exception, as noted
below, all planned construction/modification/enhancenent
will be confined to this primary site. The primary site
will be in water ranging from 85 to 120 feet deep. In or-
der to provide passengers with the experience of a deeper
dive, for most tours the submersible will range outside the
primary site to a sunken vessel situated in water between
200 to 250 feet deep.

B.3.5 Proposed Oahu (Waikiki) Dive SBite

The site proposed for operating Atlantis submersibles
off Oahu will be located (see Figure 6) in 85 to 120 feet
of water off Waikiki. This site is approximately 4500 feet
(0.85 mile) seaward of the shore at its closest point.
Distance to the site from a passenger pickup area at Aloha

14



~ B

Al
4§ 157°52" W

4

g v '
. b
! o ¥
12 War Aoat n::a:,_‘
=

BOUNDINGS IN FATHOMS \-:
AT MEAN LOWEE LOW WATER N N

wh +
1
oL
Nt A
L .3 !
e b > .
a0 ) "‘q_’.....l.‘.n..l.._. °
i ATy i
’ » ’ . b a Shiay,
bl Al

FIGURE 6. PROPOSED SUBMERSIBLE OPERATING AREA IN MAMALA

BAY, WAIKIKI, OAHU.
15

O 1]
N
Coiae ;
- N
- O
- -
- Y WAINIKI
.. - >
-, Ren ok Samind
K. Do ! , 3 L fwea
|,
SR . = Ny
4 e e, Jonse oib! Bt
=, P TR A
- - .
w _" AR ' i v
5 Sep L
. ¥ A LIS
@ Ty e o . + )
v 2 LR %1
] ' I
' h * L
sow ! LI I
‘ R AT I
. . P
u‘ L N (0 s .
Y P
l ' . [ S SN | |
- . R
v W e wl 9

MAtRe|
s |

B Coner S o
Chart 1y

f




B.4

Tower in Honolulu Harbor is approximately 3.5 miles. Dis-
tance to the proposed maintenance mooring site in Keehi
Lagoon (via Kalihi Channel) is around 5.5 miles.

The bottom here is a featureless, limestone plain as
is typical for this depth range seaward of the reefs off of
leeward Oahu. The site does not include, nor is it near,
recreational surfing or dive sites.

Site enhancements will include a shallow sunken vessel
and an artificial reef. A deeper sunken vessel will be
placed ocutside of the primary dive site at a depth between
200 and 250 feet approximately 750 to 1500 feet seaward of
the primary site.

PROPOSED SITE ENHANCEMENTS IN THE MARINE ENVIRONMENT

B.4.1 Rationale

In Grand Cayman, Barbados, and the Virgin Islands, the
submersible operating areas are characterized by rich bot-
tom (benthic) assemblages of corals, sponges, fishes and
the like. The naturally existing marine resources in these
locations provide the basis for client interest in the un-
derwater tours. At Grand Cayman, in addition to the spec-
tacular "Cayman Wall", a ship wreck is present in the sub-
mersible operating area. The tour at Barbados includes a
purposefully sunk vessel, the largest in the Caribbean,
placed by the local government for enhancement of fishing
and diving.

In Hawaii, and particularly seaward of the reef off
Waikiki, the situation is vastly different. The subtro-
pical location (i.e., somewhat cooler water) and relative
isolation from the western tropical Pacific (where the
Indo-West Pacific fauna is more diverse and most of
Hawaii's marine organisms derive from) have resulted in a
low diversity of organisms as compared with most tropical
marine locations. Further, many Hawaiian coral reefs have
suffered numerous disturbances including nutrient loading
and pollution, runoff, infilling of shallow nursery
grounds, dredging of harbors, and the introduction of ex-
otic species. Population growth and technology have
resulted in high fishing pressure on limited reef
resources,

In those areas around Oahu which satisfy all of the
other criteria for the selection of an operating site (see
Section B.3.4), the bottom is generally featureless and in-
adequate for the purpose of providing a satisfactory visual
experience for an underwater tour. In order to enhance the

16

e



-

3

-

N N

)

-

viewing, Atlantis Submarines proposes to develop a variety
of underwater attractions as, described in the following
section. The need for submerged habitat enhancement in
State waters is a matter of increasing concern among local
biologists and fishermen. The proposed project represents a
substantial private sector effort in fisheries resource
replenishment that will be of direct benefit to the State.

B.4.2 Artificial Reef Design

The standing crops of fishes and many other marine or-
ganisms are tied to structural complexity of the habitat
(Risk 1972). The addition of structural relief to the bot-
tom in the form of man-made habitat structures known as
rartificial reefs" can produce an increase in the biomass
of organisms inhabiting an area (see Klemm, 1986). Thus,
construction of artificial reefs may be viewed as attempts
to replicate naturally productive habitats in relatively
unproductive locations (see Appendix B).

Artificial reefs have been developed and maintained by
the State of Hawaii, Department of Land and Natural Resour-
ces since 1961. Their purpose is to provide enhanced fish-
ing and diving opportunities for the public. Presently,
four artificial reef sites have been constructed off Oahu:
in Maunalua Bay (off Kahala), off Waianae (Maili), off
Kualoa/Kaaawa, and off Ewa (presently under development).
A fifth site is located off Keawakapu, Maui. All of these
"reefs" are situated at depths between =60 and =120 feet.
The Oahu sites are located between one and two miles from
shore; the Keawakapu Artificial Reef is only a quarter mile
off the west shore of East Maui. These reefs range in size
between 52 and 1,727 acres and encompass a total area of
nearly 2000 acres.

Until recently artificial reefs built in the United
States utilized scrap materials that were often indiscrim-
inately dumped at sea (Buckley, 1982). Reefs thus built
prov1ded some habitat improvement and increased flshery
yields in otherwise barren areas, but the shape, size,
long-term physical stability, and biological product1v1ty
afforded by use of such materials have been less than ideal
(Sheehy, 1982). A variety of materials have been used to
develop artificial reefs in Hawaii, including concrete
pipe, weighted automobile tires, derelict vehicles, a large
barge, the former research vessel "Mahi", etc. These reefs
have demonstrated the positive aspects of artificial reef
development in Hawaiian waters.

Recent advances in the technology of artificial reef
development emphasize ideal shapes of components and long-
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Recent advances in the technology of artificial reef
development emphasize ideal shapes of components and long-
term physical stability to enhance biological productivity
(See Brock et al., 1985; NOAA, 1985; Appendix B of this EIS
EIS). Steel, plastics, and concrete are all now widely used
to fabricate an array of different structures. The concrete
modules Xnown as "dice blocks" (Figure 7), incorporate the
structural features that can provide both shelter and ver-
tical relief for adult fishes in Hawaiian waters. These
blocks are stacked to form reef sets, with a number of reef
sets being positioned in a pre-determined configuration to
enable a scientifically designed reef to be constructed on
the sea floor. A proposed design for deploying concrete
modules in a submerged habitat is presented in detail as
Appendix C, a report on artificial reefs prepared by Dr.
Richard Brock and James Norris of the University of Hawaii.

R. concrete planks slotted
into structure at random
locations for added stability
fish habitat and

protection

6"x6" Fair faced
reinforced concrete
fins and frame

)

atl-of

FIGURE 7. CONCRETE MODULE UNIT

18



-8 TF TF

- -

-

HT = 32.8 FT

~— 24.8 FT

FIGURE 8. TWO DESIGNS OF MODULAR FISH HABITAT "TOWERS" OFFERED
BY THE OHBAYASHI CORPORATION (JAPAN) . THESE STRUCTURES
ARE PRE~ASSEMBLED FROM CONCRETE, OPEN~FRAMEWORK
MODULES. THEY ARE ILLUSTRATED HERE TO SHOW THE AVAIL-
ABLE TECHNOLOGY BUT ARE NOT THE FINAL DESIGNS BEING
CONSIDERED BY ATLANTIS.
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Advanced, commercially available structures are manu-
factured as modules and then fitted together prior to de-
ployment as a unit. Structures such as the tcylinder"
reefs from Ohbayashi Corporation (Figure 8) can be provided
in heights which are multiples of the number of levels
times the 2.5 meters (8.2 feet) unit height. Thus, a 4-
unit tower is 10 meters (33 feet) from top to bottom, and a
3-unit model is 7.5 meters (25 feet) high. The diameter of
these towers is 5.2 meters (17 feet). These designs are
aesthetically very pleasing (an important consideration for
an artificial reef set-up primarily for viewing), although
the structures shown in Figure 8 would not be suitable for
the Waikiki dive site because they are not designed to en-
hance populations of juvenile fishes and would (as
pictured) be unstable in our open coastal waters. Impor-
tant is the fact that these and a number of other designs
have been deployed and studied in Japanese waters and have
been subjected to engineering analysis for stability
characteristics. Also, they illustrate a method of deploy-
ment whereby the entire structure is fabricated on land and
lowered by crane into place at the artificial reef site.

Atlantis Submarines will apply an open-framework
design to produce a major artificial reef at the Oahu dive
site. This reef will have great scientific value (that is,
can be used for research on enhancing bottom fisheries),
will be of educational interest, and will provide a major
attraction for the submersible tours.

The Atlantis artificial reef will be placed at a depth
of around =-90 feet at the proposed primary dive site.
The precise form will be determined after discussions with
the University of Hawaii, the Division of Acquatic
Resources, the National Marine Fisheries Service, and
manufacturers. The selected design will be stable (remain
in place during storm swells) and chemically inert (non-
polluting and nondegrading). Atlantis Submarines will co-
operate with these same government entities to develop and
promote studies and monitor the progress of fish enhance-
ment around the habitat structures.

To be maximally effective and permanent, construction
of the reef is best undertaken on relatively hard and level
bottom at depths greater than 55 feet. A maximum depth of
around 80 feet is a constraint arising from the need for
divers to accurately position individual modules on the
bottom as they are lowered by crane from the water surface.
Connecting the modules together on land and lowering the
entire structure from a large floating crane (Figure 9)
will minimize the need for divers to work on the bottom
during placement. However, if the structure is placed at
depths much greater than 80 or 90 feet, the conducting of
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FLOATING CRANE DEPLOYING ARTIFICIAL REEFS BY OHBAYASHI
"TOWER" 1S 33 FEET HIGH.

CORPORATION. EACH

FIGURE 9,
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scientific studies which require time consuming observa-
tions of fish and other biota, will be impaired. Further,
Placement at a depth greater than 100 feet could create a
situation where unaffiliated SCUBA divers lacking ex-
perience in decompression dives might nonetheless attempt
to dive the '"reef". The Mamala Bay site is characterized
by sand and limestone bottom of generally low relief which
should be ideal for an artificial reef from both the engi-
neering and fisheries enhancement standpoints.

B.4.3 Addaitional Attractions

Based upon operational experience in Grand Cayman, the
company anticipates that the initial narrative and observa-
tion of the artificial reef will take approximately half of
each 50 minute dive period. The balance of the dive will
be devoted to viewing a sunken vessel placed at slightly
greater depth and in relatively close proximity to the ar-
tificial reef and then traveling to and observing a deeper
sunken vessel placed outside of the primary dive site at a
depth between =200 to -250 feet.

These vessels will be prepared, prior to sinking,
according to State and Federal environmental regulations
pertaining to such matters. Superstructural elements
(masts, etc.) will be removed or the vessel positioned so
as to provide ample clearance for surface craft (the shal-
lowest part of the wreck will be greater than 40 feet below
the water surface). The ships will be modified as practical
to enhance their potential in attracting fishes -- a large
ship on the bottom is also an artificial reef. Holes will
be cut in the hull and deck to allow fishes to enter and
eliminate "dead water" spaces within the vessel. All
modifications will be made, and the depth of placement
selected, to insure that the submerged vessel does not con-
stitute a hazard to curious SCUBA divers (for example,
the shallow vessel will be put on the bottom at -100 feet
or less). These vessels will be engineered to remain sta-
tionary under the roughest sea conditions anticipated for
Mamala Bay.

B.4.4 Moorings

Three permanent moorings will be installed for opera-
tional purposes. The precise locations of the moorings
will depend upon assignments made by the State of Hawaii,
Department of Transportation. One mooring will be for a
maintenance platform (see Section B.3.2) recquired for sub-
mersible systems recharging. Another mooring near the first
will be for the purpose of providing overnight (or inclem-
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FIGURE 10. PROPOSED FOUR-POINT SPREAD MOORING

ent weather) anchorage of the submersibles. A third moor-
ing will be placed within the submersible operating area
(i.e., dive site; see Section B.3.5) to serve as a point of
attachment for the passenger transfer platform. All of the
moorings will be designed and constructed in accord with
conventional mooring design practices. The moorings would
consist of anchors, ground tackle, riser chain, and surface
buoys.
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The present program provides that the overnight moor-
ings will be Placed in the northwest corner of Keehi Lagoon
("B" in Figure 5) in water 10 to 15 feet deep. The
maintenance platform mooring will be a four-point spread
type (Figure 10) and the submersible anchorage will be a
single-point free-swinging type (Figure 11). The offshore
mooring, to be placed in water between 60 and 90 feet deep
at the dive site (see Figure 6) will be a four-point spread
type (Figure 10).
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B.4.5 Passenger Transfer Platform

A steel hull, flat deck barge approximately 85 feet in
length and 35 feet across and 12 feet high will be deployed
for operational purposes (see Section B.3.3). The barge
will have a flat deck covered over with a low-profile,
galvanized steel roof structure, and a 42 inch railing all
around the deck. Overall height will be on the order of 18
feet measured from the waterline. Four passenger stairwvay
ramps (two on each side) will serve passenger loading and
off-loading from the shuttle craft and the submersible
(Figure 12). Hatch covers and other openings in the deck
required for outfitting the interior (see below) will be
suitably covered to provide seating facilities. Two
washrooms will be located on the far rear deck. Wastewater
will go into a holding tank located below deck. Low
storage bins for lifejackets will provide additional on
deck seating.
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FIGURE 12. PLAN VIEW OF THE STEEL HULL, FLAT DECK BARGE PROPOSED

AS AN OPERATING AND SERVICING PLATFORM.

Although a dock-side submarine maintenance facility
would be preferable, the necessary harbor facilities are
not presently available in Keehi Lagoon, Honolulu Harbor,
or Kewalo Basin. The situation could change, however, such
that over-night moorage, submersible systems recharge
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and maintenance, and perhaps even warehousing and shoreside
passenger loading might in part or in total be handled by
one or more dock-side facilities. As an alternative re-
flecting present realities, Atlantis will include the main-
tenance facility within the interior of the flat-deck barge
proposed for on off-shore passenger transfer platform.

Fore and aft freshwater tanks will occupy a portion of
the space and serve as ballast. The interior (below
deck space) between these tanks will have a two-foot thick
concrete floor for additional, permanent ballast. The in-
terior hull space of approximately 15,000 cubic feet
(Figure 12) will be be ventilated and air conditioned.
Within this area will be placed a support equipment con-
tainer and a workshop container. The support trailer holds
a diesel generator (120 kva) and air compressors used to
recharge battery and air systems on the submersible.
Two other 20 KW generators will be located in the hull to
meet the on-board power needs of the barge/platform.

CONSTRUCTION AND LEASING

In implementing the proposed project, arrangements for
the construction and leasing of equipment, facilities and
site enhancements will be established as required with
other parties, such as Hawaiian Submarines, Inc. and the
particulars supplied to the appropriate departments and
agencies.
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S8ECTION C.

ENVIRONMENTAL SETTING

C.1 GENERAL SETTING

The proposed project will be located in and near the
city of Honolulu, and will encompass sites in or off Keehi
Lagoon, Honolulu Harbor, and Waikiki. Honolulu is located
(see Figure 13) on the south or leeward shore of the Island
of o©Oahu. Waikiki is the primary tourist destination for
visitors to the Hawaiian Islands which presently attract
over five million people each year. Honolulu is the major
sSeaport, major airport, and government and commercial cen-
ter of the islands. The economy of Honolulu is diverse and
largely service oriented. The economy of the State as a
whole is strongly dependent upon tourism, military, and
agriculture.

C.1.1 Climate

The climate of Oahu is warm and semitropical. Sea
conditions along the leeward coast are generally ideal for
year-round operations of a submersible. Seasonal changes
are mild and fairly uniform. Rainfall at the coast is be-
tween 20 and 30 inches annually. About 75 per cent of the
time the wind is from the northeast (Trade Winds) and in
the range from 8 to 18 mph. These winds are interrupted,
particularly in the months of October to April, by
southerly or "Kona" winds, which may be light and variable
("Kona weather") or particularly strong and gusty when
associated with winter storm systems. These adverse "kona"
storms occur on average about three times a year.

Severe storm conditions are uncommon, usually occur-
ring in the winter months. Strong westerly to southerly
winds have the greatest impact on the coastal areas of
Mamala Bay and Keehi Lagoon, occurring on average 2 or 3
times a year, with gusty winds at velocities as high as 30
to 40 mph. Honolulu Harbor and Keehi Lagoon are protected
from large ocean swells, but the entrance channels are not.
Submersible operations would be discontinued during severe
storms. Hurricanes, with wind velocities of 75 mph and
higher, approach the area once or twice each decade.

C.1.2 Coastal Setting

The area selected by Atlantis Submarines as best meet-
ing the criteria for submersible operations outlined
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FIGURE 13. LOCATION MAP SHOWING URBAN HONOLULU (CROSS-HATCHED)
ON THE SOUTH COAST OF THE ISLAND OF OAHU, HAWAII.

Section B.3.4 is in Mamala Bay off of Waikiki (Figure 6).
The shoreline is mostly sand beach and man-made seawalls
and a broad reef shelf extends offshore of most of this
coast. The coastal zone behind the shore is urban: includ-
ing high and medium density residential areas, commercial
and light industrial areas, airport, harbor, and small boat
facilities, and tourist development areas.
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c.1.3 Oceanographic S8etting

C.2

The south and southwest facing coasts in the Hawaiian
TIslands tend to have calmer sea surface conditions than
coasts facing other directions because island land masses
provide protection from the Northeast Trade Wind seas.
These coasts are, however, subject to swells generated by
south Pacific storms, which occur most frequently during
the northern hemisphere summer. large waves generated by
local area storms or southern swell will occasionally
prevent the Atlantis submersible from conducting dives.
Potentially, two kinds of oceanographic conditions may
1imit operations on occasion: waves or sea swell which make
the transfer of passengers from the shuttle craft or plat-
form to the submersible hazardous Or currents at the dive
site in excess of about 2.5 knots.

Data on currents directly off Waikiki are somewhat
sparse (see Bathen, 1978). It is known that currents
around Diamond Head are at times strong (Wyrtki et al.,
1969) . Drogue studies by Laevastu, Avery, and Cox (1964)
provide some indication of current regimes between Diamond
Head and Sand Island. In general, these data suggest that
the stronger Diamond Head currents extend westward into
Mamala Bay to very roughly a line drawn southwest from the
Waikiki Natatorium. This line passes south and east of the

proposed submersible operating area.

MARINE BENTHIC SURVEYS

c.2.1 Marine Benthic Environment

A survey of the marine environment in the general
vicinity of the proposed artificial reef site was conducted
petween 23 and 26 September 1987. This area is shown in
Figure 14 (Stations 1 and 2) and covers the bottom between
the depths of 75 and -100 feet approximately 0.87 miles
from shore. On October 29, 1987 the area approximately 500
yards to the northwest of Station 2 was briefly surveyed
(as Station 3) to determine if this site differed ap-

preciably from the area surveyed earlier.

The quantitative sampling of macrofauna of marine com-
munities presents a number of problems related to the
scale. Marine communities in the study area may be spa=-
tially defined in a range on the order of a few hundred
square centimeters (such as the community residing in a
Pocillopora meandrina coral head) to major biotopes cover-
ing many hectares. Recognizing this ecological charac-
teristic, the sampling program was designed to delineate

major extant communities in the limits of the study area
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and quantitatively describe these communities. Thus,
several different methods were used.

To obtain an overaill perspective on the extent of the
major communities or "zones" occurring in the study area,
divers were towed behind a skiff over the area. This exer-
cise allowed the qualitative delineation of major biotopes
based partially on large structural elements (for example,
amount of sand and harg substratum, fish abundance, coral
coverage or dominant coral Species). At this distance off
Waikiki, two benthic biotopes can be differentiated. Two
locations (Stations 1 and 2 in Figure 14) were selected for
quantitative studiegs -~ including visual enumeration of
fishes, counts along benthic transect lines, and cover es-
timates from bottom quadrats. Besides these quantitative
methods, a qualitative reconnaissance was made in the
vicinity of each station by swimming and noting the
presence of species not encountered along the transects.
Additional qualitative Surveys were conducted at the SCUBA
dive area known as the "100-foot Hole", located over 1000
Yards southeast of the Proposed submersible operating area,
and at Station 3, located essentially at the northern end
of the proposed operating area. The bpurpose of a qualita-
tive survey at the 100-foot Hole was to provide some conm~
parative information on fish community development around a
"high" topographical feature, unique for this area. In
this study the work was carried out using SCUBA. Details
of the surveys are given in Appendix D.

The proposed submersible dive site is located mostly
on a gently sloping limestone bottom. The slope is seaward
at a 5 to 10 degree angle. Across much of the limestone occ-
curs shallow sand patches that range in dimensions from ¢
by 6 feet to over 100 by 165 feet. Some of this sand forms
4 Vveneer that under heavy surf conditions moves about
scouring the bottom. The sand patches are Spaced from 15 to
over 260 feet apart. The intervening limestone supports
few corals: overall the coverage is much less than one per-
cent. Commonly encountered are Porites lobata and Pocil-
lopora meandrina. The largest Porites colony seen in this

survey did not exceed 12 inches in diameter and the largest

of a mature coral community. This extensive limestone

About 250 feet inshore of Stations 1 and 2, and at
Station 3, the biotope of flat limestone pavement merges
with a spur and groove system of the fringing reef. The
Spurs are large limestone "fingers" with long axes oriented
perpendicular to shore. These fingers are from 1.5 to 15
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feet in height, 30 to 100 feet in width, 65 to 165 feet in
length and spaced between 50 and 165 feet apart. Some
coral growth occurs on these spurs and coverage may lo-
cally attain 10 percent of the limestone surface, but is
closer to 3% overall. The spur and groove system lies
mostly in water to shallow for a submersible operation, al-
though at Station 3, the spurs extend into deeper water,
cutting across the northern portion of the proposed operat-
ing area. There is also more sand present on the bottom be-
tween the spurs at Station 3 than is found immediately
south of Station 3. Offshore of the proposed operating
area, the substratum begins to drop away to greater depths
such that the 300-foot isobath lies about 1600 feet
seaward. No attempt was made to examine these deeper
areas.

The proposed operating area lies mostly within the
biotope of flat limestone pavement. This biotope is a near
continuocus feature for at least 3.4 miles west along the
south Oahu coast at these depths (60 to 110 feet). A
qualitative reconnaissance was conducted throughout the
study area over a depth range of 80 to 95 feet. Two quan-
titative stations were established to sample the biotope of
flat limestone pavement. The first station (Station 1) was
established in 85 feet of water and the second (Station 2)
further to the northwest in 80 feet of water. Both sta-
tions were possibly somewhat south or southeast of the
proposed submersible dive site indicated in Figure 6, but
are representative of the bottom type and biological as-
semblages found generally throughout the area at comparable
depth ranges.

The substratum at Station 1 was nearly flat limestone
with a veneer of sand. The only structural relief present
in the transect area was a few waterworn basalt stones. No
corals were encountered in the quadrat survey (Table II),
although in the vicinity of this station were seen a few
colonies of Porites lobata (maximum diameter 3 inches),
Pocillopora meandrina (to 8 inches diameter), and Montipora
verrucosa (to 1.25 inches diameter). Only 6 fish species
(19 individuals) were censused: the most common was the
o'ili'uwi'uwi (Pervagor spilosoma). The dominant benthic
species in the 5 square meters of substratum sampled was
the alga Lyngbya majuscula. Invertebrates encountered in-
cluded the solitary tunicate, Ascidia interrupta, the auger
snails, Terebra maculata and T. penicillata, and the haole
crab, Portunus sangquinolentus. In the vicinity of the sta-
tion was seen a small he'e (Octopus cyanea), coneshell
snails (Conus lividus and C. striatus), a coral (Moentipora
flabellata), limu (Dictyota sandvicensis), and a helmet
shell (Cassis cornuta). Fishes seen in the vicinity of
Station 1 include malu (Parupeneus pleurostigma), moano (2.
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TABLE II. Summary of the benthic survey conducted at Station 1

in the biotope of flat limestone pavement offshore of
Waikiki, Oahu. Results of the 5 square meter gquadrat sam-
pling of the benthic community (expressed in percent cover)
are given in Part A; a 40-point analysis is presented in
Part B; counts of invertebrates appear in Part C; and a
summary of the fish census is given in Part D. Water depth
is 85 feet; mean coral coverage 1is <1 percent (quadrat
method) .

A. Quadrat Survey
Quadrat Number
Species 1 2 3 4 2
Algae
Lyngbya majuscula 0.5 0.75 0.5 1 0.5
Tunicata
Ascidia interrupta 0.25 0.5
Sand Q9 99 99 98.5 99.5
Rubble 0.5 0.5
B. 40-Point Analysis
Species Percent of the Total
Algae
Lyngbya ma‘juscula 1
Sand 74
Rubble 5
Hard Substratum 20
c. Invertebrate Census (20 x 4 m)

Species Number

Phylun Arthropoda

Portupus sanquinolentus 1 (juvenile)

Phylum Mollusca

Terebra maculata 1
T. penicillata 1

Phylum Chordata

D.

scidi nterrupta up to 4 individuals/100cm”2

Fish Census Summary (20 x 4 m)
6 Species
19 Individuals
Diversity (H') = 2.48
Standing crop (g/m2)=12.5
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multifasciatus), razorfish (Novaculichthys taeniourus),
kala holo (Naso hexacanthus), uku (Aprion virescens), and

the parapercid (Parapercis schauvinslandi).

The gqualitative reconnaissance carried out in the
intervening area between Stations 1 and 2 was comprised of
a flat 1limestone substratum occasionally interrupted by
sand patches. Over this substratum are scattered loose
pieces of limestone as large as 3 by 3 feet and rising as
~high as 12 inches from the bottom. Algae seen in this sur-

vey include Enteromorpha sp., Halimeda o untia, Neomeris

annulata, Lygnbya majuscula, Dictyota acutiloba, D. bar-
tavresii, D. sandvicensis, Sphacelaria furcigera, Desmia
hornemanni, Peyssonellia rubra and Tolypiocladia glomer-

ulata. Macroinvertebrates encountered include the miter
(Mitra mitra), cones (Conus lividus and €. distans), sea

urchins (Echinothrix calamaris, Pseudoboletia indiana,
Echinostrephus aciculatus), the large terebellid worm

(Loimia medusa), the aplysid (Notarchus lineolatus, spawn-
ing aggregations), and corals (Bocillopora meandrina,

Porites Jlobata, Leptastrea purpurea, Montipora verrucosa
and Pavona varians). Other than eels and triggerfishes all

other fishes seen were either juveniles or species that
only attain a small size as adults. Fishes seen on this
qualtitative survey include the papio (Caranx ortho-
grammus), omilu (C. melampyqus), maiko (Acanthurus
nigroris), na'ena‘'e (A. olivaceus), kihikihi (Zanclus cor-
nutus), o'ili'lepa (Cantherhines sandwichiensis, ¢. vere-
cundus), o'ili'uwi'uwi (Pervagor spilosoma), humuhumu lei
(Sufflamen bursa), humuhumu hi'ukole (Melichthys wvidua),
humuhumu ele'ele (M. niger), triggerfish (Xanthichthys
auromarginatus), malu (Parupeneus pleurostigma), mocano (P.
multifasciatus), tobies (Canthigaster jactator and C.
cornata), alo'ilo'i (Dascvllus albisella), wrasses
(Cheilinus bimacula and Pseudojuloides cerasinus), malama
lama (Coris ballieui), hinalea akilolo (Coris gaimard), an-
gelfish (Centropyge fisheri), kikakapu (Chaetodon kleinii
and C. auriga), lau wiliwili (C. miliarjs), puhi paka
(Gymnothorax flavimarginatus), puhi'oni'o (G. meleagris),
puhi lau milo (G. undulatus), puhi (G. steindachneri),

parapercid (Parapercis schauinslandi), ala'ihi (Adiorvx

lacteoquttatus), maka'a (Malacanthus hoedtii) and grouper

(Caesioperca_ thompsoni).

The substratum at Station 2 is flat limestone sloping
at about a 5 degree angle seaward. Scattered across this
limestone are occasional depressions up to 13 feet in
diameter and attaining a maximum depth of 12 inches. These
depressions are spaced from 6 to 50 feet apart and contain
sand and rubble. Other than the shelter provided by these
pockets, little topographical relief is present.
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TABLE III. Summary of the benthic survey conducted at Station 2
offshore of Waikiki, Oahu. Results of the 5 square meter
quadrat sampling of the benthic community (expressed in
percent cover) are given in Part A; a 40-point analysis is
presented in Part B; counts of invertebrates appear in Part
C; and a summary of the fish census is given in Part D.
Water depth is 80 feet; mean coral coverage is 10 percent
(quadrat method).

A. Quadrat Survey
Quadrat Number
2 3

[
£
[

Species
Algae
Dictyota sandvicensis 1
Lyngbya majuscula 7
Corals
Porites lobata 0.5 1
Pocillopora meandrina 1.2

Montipora verrucosa 0.1
Sand 45 1

Rubble 53
Hard Substratum 90.3 93 99 95.9

B. 40-Point Analysis
Species Percent of the Total

Algae

Lyngbva majuscula 1
Corals

Porites lobata 1
Sand 7
Hard Substratum 91

C. Invertebrate Census (20 ¥ 4 m)
Species Number
Phylum Echinodermata
Linckia diplax 1
Echinostrephus aciculatus 2
Holothuria atra 1
Phylum Chordata

Ascidia interrupta up to 1 individual/io0o0ocm”2

D. Fish Census Summary (20 x 4 m)
18 Species

100 Individuals
Diversity (H') = 2.48
Standing crop (g/m2)=76.0
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Table III presents a summary of the quantitative sur-
vey conducted at Station 2. Corals are not prominant: mean
coverage was estimated at 0.7 percent. Three coral species
were found in the quadrats: Porites lobata, Pocillopora
meandrina and Montipora verrucosa. The largest corals seen
in the area were P. meandrina with colony diameters not ex-
ceeding six inches and P. lobata with diameters up to four
inches. The alga Lyngbya majuscula was the most conspicuous
bottom inhabitant, with mean coverage of around 2 percent.
Three macroinvertebrates were found in the 20 X 4 meter
census area: the sea urchin, Echinostrephus aciculatus, the
starfish, Linckia diplax, and the black sea cucumber,
Holothuria atra. Eighteen fish species were censused in the
transect area. The most abundant fishes were the o'ili'
uwi'uwi (Pervagor spilosoma) and the damselfish (Chromis
vanderbilti). Two non-sedentary fish species encountered
in the survey were juvenile omilu (Caranx melampyqus) and
the papio (C. orthogrammus). The most unusual fish species
seen in the census was a dragon eel (Muraena pardalis).

In the vicinity of Station 2, a number of fish, inver-
tebrate, and algae not encountered in the 20 X 4 meter sur-
vey area were noted, including a he'e (Octopus cvanea),
corals (Leptastrea purpurea and Pavona varians), limu
(Neomeris annulata, Hydrolithon reinboldii and Desmia

hornemannii), sea wurchins (Echinothrix calamaris, E.
diadema) and the sea cucumber (Holothuria nobilis). Fishes

in this surrounding area include na'ena'e (Acanthurus
olivaceus), o'ililepa (Cantherhines verecundus), hunuhumu
nukunukXu apua'a (Rhinecanthus rectangulus), lau'ipala
(Zebrasoma_flavescens), kihikihi (Zanclus cornutus), rock-
mover (Novaculichthys taeniourus), wrasses (Labroides
phthirophagqus and Pseudocheilinus evanidus), moano (Paru-
peneus multifasciatus), uhu (Calotomus zonarcha) , toby
(Canthigaster cornata), maka'a (Malacanthus hoedtii),
blenny (Plagiotremus ewaensis), parapercid (Parapexcis
schauinslandi), o'opu okala (Diodon holocanthus), puhi lau
milo (Gymnothorax undulatus), puhi'oni'o (G. meleadqris),
puhi kapa (Echidna nebulosa), umaumalei (Naso literatus)
and the snake eel (Myrichthys maculosus).

The qualitative survey at Station 3 was in an area of
low limestone fingers with sand bottom between. Coral
cover reached 10% in local areas on the limestone, but was
around 3% of the bottom overall. The most common coral is
Porites lobata, and Montipora verrucosa, Pocillopora
meandrina, and Porites compressa are present. Maximum
colony diameters do not exceed 1.5 feet and most of the
heads are encrusting or prostrate in growth form. Fish
species commonly seen in this spur-and-groove zone include
hinalea lauwili (Thalassoma duperry), wrasse (Pseudo-

juloides cerasinus), 'omaka (Stethojulis balteata), o'ili
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‘uwi'uwi (Pervagor spilosoma), humuhunu'ele'ele (Melich-
thyes niger), triggerfish (Sufflamen bursa), angelfish
(Centropyge potteri), damselfishes (Dascyllus albisela and
Chromis vanderbilti), o'ililepa (Cantherhines sandwich-
iensis), kikakapu (Chaetodon kleini, C. miliaris), piliko'a
(Cirrahitops fasciatus), butterflyfish (Hemitaurichthyes
zoster), moano (Parupeneus multifasciatus), malu (Raru-
peneus bifasciatus), puhi-paka (Gymnothorax flavimargin-
atus), puhi laumilo (G. undulatus), and sharpback puffer

(Canthigaster jactator).

A brief qualitative survey made around the "100-foot
Hole® located east of the study area provided some indica-
tion of how successful habitat enhancement efforts could be
in this environment. A number of fishes of commercial im-
portance were seen in the viecinity, including three striped
marlin (Tetrapterus audax) and a school of kawakawa
(Euthynnus affinis). Both of these species are open ocean
or pelagic forms and were probably in the area because of a
school of potential prey (the opelu, Decapterus macarellus)
that were also present. Other commercially important fishes
present include kKumu (zggguxyyggi_luggggugggi), moano (B.
multifasciatus), malu (B. pleurostigma), malu (P. bifas-
ciatus), weke'ula (Mulloides vanicolensis), weke (M. flavo-
lineatus), mempachi (Myripristes amenus), uku {(Aprion
virescens), pa‘opa’'oc (Gnathanodon speciosus), omilu (Caranx

melampygqus), papio (C. orthogrammus), and uhu uliuli
(Scarus perspicillatus). other fishes present which are of
lesser commercial interest include na'ena'e (Acanthurus
olivaceus), taape (Lutijanus kasmira), kala lolo (Naso
brevirostris), kala holo (N. hexacanthus), mamo (Abudefduf
abdominalis) and the whitetip shark (Triaenodon obesus) .
Smaller fishes in residence around the "100-foot hole' in-
clude alo'ilo'i (Dascyllus albisella), humuhumu ele'ele
(Melichthys niger), humuhumu hi'ukole (M. vidua), kikakapu
{Chaetodon kleinii), lau wiliwili (C. miliaris), o'ili lepa
(Cantherhines verecundus), nunu (Aulostomus chinensis),
hinalea 'akilolo (Coris gaimard), malamalama (C. ballieui),
hilu (c. flavovittatus), wrasse (c. venusta), damselfishes
(Chromis vanderbilti and ¢. verator), o'ili'uwituwi (Per-
vagor spilosoma), razorfish (Novaculichthys taeniourus},
Jauwiliwili nukunuku'oi'oi (Forcipiger flavissimus) and

butterfly fish (Hemitaurichthys poliylepis) .

In addition to a biological survey of the marine envi-
ronment at the proposed Waikiki site, divers conducted 2
reconnaissance of the bottom off Kakaako (a proposed site
considered as an alternate) from the shore out to the 130

foot depth contour. Results of this survey were reported
in an earlier Environmental Assessment for the project
(AECOS, 1987a). Three major biotopes (bpenthic en-

vironments) were identified in this area: (1) a dredge
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sgoil biotope, (2) a spur and groove biotope, and (3) a
high energy shallow limestone biotope. Suitable depths for
a dive area occur only in Biotope 1.

C.2.2 Protected Spacies

The marine waters in the pProposed project area are not
considered critical habitat for any protected marine
species. Migratory hump-back whales (Megaptera
novaeangliae) visit the waters off of Oahu between about
December through March of each year. These large marine
mammals generally avoid the waters off of Waikiki, although
are frequently sighted off of Diamond Head, indicating that
they probably traverse the Waikiki to Ewa area far offshore
relative to the proposed dive site.

C.3 EXISTING LAND AND WATER UBEB
C.3.1 Offshore of Waikiki

The waters off wWaikiki are prcbably among the most
heavily used for recreational boating in the State. Mamala
Bay is however a large, open bight, and with the possible
exception of some areas nearshore and around the yacht
basins, is not congested with respect to boat traffic. The
dive site is located sufficiently far from shore to be out
of the way of much of the casual boating that occurs inside
and just outside the reef margin. The proposed site is in-
side of commercial shipping routes as all such traffic
traveling eastward out of Honolulu would pass seaward of, a
generally far outside of the Diamond Head buoy located one-
half mile off the Diamond Head shore.

Sailboat races sponsored by the Waikiki Yacht Club and
the Hawaii Yacht Club are held most weekends in waters to
the west, from roughly off Sand Island to off Waikiki.
Large yachts practice further off the shore than the
proposed dive area. The Hawaii Yachting Association con-
ducts three races each yYear on courses which usually begin
in the vicinity of the Ala Wai channel markers and extend
eastward to the Diamond Head buoy (and on arocund Oahu) .
The proposed dive site is located on this route. However,
the impact of the proposed dive area on these races would
be minor. Submersible operations could be suspended for
the several hours when racing yachts might be on this part
of the course, or the transfer of passengers to the submer-
sible could be moved seaward to over the deep sunken vessel
(which would be generally out of the way of the yachts
‘which sail to cut close around Diamond Head). One par-
ticipant in these races suggested that the presence of the
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loading platform over the dive site could be marked as an
obstacle on the course instructions, adding additional

The general area of the proposed dive site is useqd by
fishermen and divers to some extent. Fishermen have indi-
cated that the waters around a dive site known as the "100-
foot Hole" is used by ulua fishermen. The same area is a
moderately popular offshore dive area for SCUBA divers and
Spearfishermen. Use of the area by these groups is light,
and placement of all site enhancement well away from the
100~foot Hole, a focal point of these activities, shoulg
avoid conflicts between present users and the Preposed sub-
mersible operation. Little is known about the activities
of traditional "sgquigq® (octopus) fishermen in these waters,
although this activity does occur off the Waikiki reef and

Cruise boats and para-sailing operations use the
waters offshore of Waikiki at about the ame distance off-
shore proposed for submersible operations. Nearshore and

sion of the State's Department of Transportation. Use of
Aloha Tower facilities or other disembarkation point within
the Harbor will require a commercial license to operate,
The available facilities are of adequate size and develop-
ment to accommodate the bProposed loading and unloading of

Keehi Lagoon includes areas presently used for comner-
cial operations as well as private boat moorings and slips.
The proposed use of mooring sites in Keehi Lagoon is com-
patible with existing uses.” The Lagoon provides safe an-
chorage under the most severe sea ang weather conditions
anticipated for the Hawaiian Islands.
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BECTION D.

RELATIONSHIP OF THE PROJECT TO
ENVIRONMENTAL POLICIES AND CONTROLS

A number of aspects of the project come under State
and Federal environmental policies and controls. As
presently conceived, neither construction nor shoreline
alterations are required for land-based activities, and the
City and County of Honolulu has determined that an SMA per-
mit will not be required.

D.1.1 Permits

Operation and mooring of vessels, including submers-
ibles, will be subject to various requirements of the State
Department of Transportation (Harbors Division) and Federal
Agencies, including the U.S. Coast Guard and Army Corps of
Engineers. Harbor use permits will be obtained from the
Department of Transportation for operations in Honolulu
Harbor and Keehi Lagoon. Mooring permits will be required
for the submersible operating area and the maintenance/
submersible anchorage moorings.

The proposed placement of attractions on the sea floor
are subject to environmental assessment and permit require-
ments of the State Department of Land and Natural Resources
and the Department of the Army. The proposed operating
site is within the State Conservation District, and under
the Jjurisdiction of the Department of Land and Natural
Resources. The proposed project will require a Conserva-
tion District Use Permit. The placement of submerged
habitat structures (artificial reefs and sunken vessels)
and permanent moorings will require a Section 10 (Rivers
and Harbors Act) permit from the U.S. Army, Corps of Engi-
neers, and be subject to review by EPA and the U.S. Coast
Guard. The Corps of Engineers, in processing these per-~
mits, may coordinate reviews with other Federal agencies,
including Fish and Wildlife Services, National Marine
Fisheries, and the U.s. Advisory Council on Historie
Preservation. 1In addition, an Army Corps permit requires
certification from the Coastal Zone Management program
(DPED) and the Department of Health ("401" certification ).

D.1.2 Hawaii state Plan

The proposed project is in keeping with a number of
the objectives and policies of the Hawaii State Plan
(Chapter 226, Hawaii Revised Statutes), particularly those
sections relating to the visitor industry (Sec. 226-8).
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The proposed project promotes steady growth of the visitor
industry, provides new job opportunities and steady employ-
ment for Hawaii's people, and provides opportunities for
job training and education allowing for upward mobility
within the visitor industry (See EIS Sections E.5.1 and
E.5.4). The project is consistent with the Plan's objec-
tives of improving the quality of existing visitor destina-
tion areas, encouraging cooperation between public and
private sectors in developing and maintaining visitor in-
dustry attractions and, through its marketing efforts, con-
tributing to the overseas promotion of Hawaii as a tourist
destination.

The project will directly and indirectly promote in-
vestment and employment in marine-related industries and
enhance research and education in ocean related tech-
nologies (HRS Sec. 226-10). The project is designed in
keeping with the State Plan's objectives and policies for
marine resources (HRS Sec. 226-11). A joint resolution of
the 1987 State legislature supports the concept of submer-
sible tours and the Atlantis Submarines, Inc. project
specifically.

National 2Artificial Reef Plan

The National Fishing Enhancement Act of 1984 has the
purpose of promoting and facilitating responsible and ef-
fective efforts to establish artificial reefs in U.S.
waters. The Act specifies that a National Artificial Reef
Plan be developed to further these goals (see NOAA, 1985).
The habitat enhancements proposed by Atlantis Submarines
are the type of activity which the National Artificial Reef
Plan was intended to foster.
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E.1

S8ECTION E.

PROBABLE IMPACTS8 OF THE PROPOSED ACTION
ON THE ENVIRONMENT

IMPACTS ON THE MARINE ENVIRONMENT

E.1.1 Water Quality

The Atlantis submersibles are non-polluting. Con-
tamination of the surrounding water by petroleum hydro-
carbons is not possible as the vessels are battery powered
and utilize direct electric drive thrusters rather than
hydraulic units.

Toilet facilities will be provided aboard the transfer
platform and the shuttle vessel. These facilities will
empty into holding tanks and will comply with Department of
Health requirements for vessels operating in State harbors.
Waste water will be transferred and pumped into appropriate
shoreside systems for disposal and treatment by existing
wastewater treatment plants. Pumps on the platform will
transfer waste water to the shuttle craft's tanks for
transfer to a mobile unit (private contractor) at dockside.

The proposed habitat structure will be constructed of
concrete or other materials deemed suitable by the National
Artificial Reef Plan (NOAA, 1985) and will pose no threat
to water quality. All structures to be placed on the sea
floor (for example, derelict ships) will be prepared to
comply with State of Hawaii water quality criteria and
Environmental Protection Agency requirements for ocean
dumping. All toxic and potentially hazardous materials
will be removed. A monitoring study was stipulated by EPA
and the State Department of Health for the Department of
Land and Natural Resources {DLNR) Zones-of-Mixing permits
for the dumping of car bodies at three artificial reef
sites off Oahu. This study, undertaken by the Hawaii In-
stitute of Geophysics (1974), looked at the impact of the
disposal activity on water quality, particularly with
respect to metals. Results showed neo increase in toxic
metals in the water columns around the DINR's artificial
reefs, although materials which today would not be suitable
from a water quality standpoint were used in some of the
State's early artificial reef efforts.
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E.1.2 Marine lLife

The Atlantis submersible is non-polluting and designed
to avoid adverse impacts on marine biota. Underway, the
submersible is quiet, slow, and maneuverable -- interac-
tions with turtles or whales would be extremely unlikely.
Thrusters power the vessel downward, but are not used to
raise the vessel off the bottom or during ascent because
the vessel is positively buoyant. Thus, sediments on the
bottom are not disturbed by the passing of the submersible;
a fact of obviocus environmental benefit, designed primarily
to avoid reducing underwater visibility at the dive site.

The operation of shuttle boat between the shore and
submersible operating areas would pose minimal or no threat
to protected marine life. The offshore site is near exist-
ing boat harbors and regularly used vessel routes.

Placement and/or construction of wvarious habitat
structures at the site (see Section B.4) will have no or
minimal adverse impacts on marine biota. The siting of all
objects will be made to avoid destruction of living coral.
Reconnaissance dives (see Section C.2) indicate that coral
cover is sparse in the designated area off Waikiki. This
site is characterized by mostly featureless, sandy, lime-
stone bottom with little or no coral growth or diverse fish
populations. Construction of habitat structures would be
for the purpose of enhancing biological resources in the
submersible operating area, providing a positive impact in
terms of fisheries stock replenishment and regeneration.
Placement of objects on a bottom already characterized by
high biological productivity would be counter-productive to
the intent of Atlantis Submarines, Inc.

NOISE IMPACTS

Only Chapter 43 of Title 11, Administrative Rules of
the Department of Health (encompassing community noise con-
trol for Oahu) has statutory authority over maritime
activities of the project. Boats operating in harbors are
specifically exempt under this Chapter (s511-43-4 (5)), and
presumably by intent boats operating offshore are likewise
exempt. Equipment on board the moored servicing/main-
tenance platform may be covered by these rules.

The proposed operations will not generate excessive or
unusual noise. Whether or not specific noise regqulations
apply to a moored platform, the issue of noise generation
will be carefully addressed by Atlantis Submarines.
Maintenance and system recharging will occur between the
hours of 11 pm and 6 am, when background noise levels
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E.3

(other than that generated by the surf} are minimal and
sensitivity to extraneous noise is highest. Atlantis Sub-
marines will engineer all installed eguipment on the plat-
form with sound suppression devices to insure that dis-
turbing sound jevels will not emanate from the maintenance
operations.

VISUAL IMPACTS

visual impacts of the proposed project derive prin-
cipally from the shuttle boat, transfer platform, and sur-
face tender boat. The submersibles have a low profile and
will be submerged most of the time. The proposed site en-
hancements will be submerged in over 80 feet of water and
not visible from the shore. The vessels and transfer plat-
form will be located nearly 0.9 mile off the closest shore
or will be in transit between the offshore dive site and
Honolulu Harbor. The visual impact of the platform and ves-
sels will be minor at this distance and against the back-
ground and foreground of numerous other vessels constantly
present in Mamala Bay. The operation will be visible from
Wwaikiki, but not noticeable.

{MPACTS ON WATER USBES

Impacts on existing water uses encompass two aspects,
particularly within the submersible operating area where
some constraints on public activities would result largely
for safety reasons. Existing or potential activities which
would be limited by the project include boat passage and
fishing. sites have been selected with a view to mini-
mizing these negative impacts.

£.4.1 B8urface rraffic

vessel traffic across the primary dive site will be
1imited somewhat by virtue of the continuous use of the
site during submersible operating hours. Even though the
submersible will spend a majority of the time when on site
at a depth sufficient to avoid hazardous interactions with
surface craft, the escort vessel, shuttle boat, and trans-
fer platform will be present on or near this area
throughout the day and evening. The purpose of the escort
vessel is to maintain communications between all these ele-
ments and to insure a2 safe ascent to the surface by the
submersible. It is not the intent of Atlantis Submarines
to exclude pleasure, sport, or fishing craft from the sub-
nersible operating area. However, because the proposed
operation entails more or less continuous presence at a
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fixed site (the permanent mooring) and activities around
this site, the impact is one of limiting use by others of
the site. This limitation is not the same as exclusion,
however, because the dive area 1is large relative to the
combined area of the surface vessels.

The site selected off Waikiki is in the general area
of routes taken by commercial cruises which travel out of
Kewalo Basin and Honclulu Harbor towards Diamond Head.
Private and charter fishing vessels may now occasionally
cross over the proposed site. Course alterations necessary
to pass either inshore or offshore of the operating
submersible, its escort boat, the loading platform, and the
shuttle boat will be minor -- no greater than if two or
three fishing or pleasure craft were stationary in the
area. Similarly, the shuttle vessel, escort boat, and sub-
mersible will be required to observe all of the rules, con-
ventions, and courtesies applicable to vessels underway
and, when necessary for reasons of safety or otherwise,
will make appropriate course alterations to accommodate
other craft traversing the area. U.S. Coast Guard require-
ments with respect to markings and lighting will be adhered
to for all craft and fixed moorings.

Mamala Bay, while a large area and not generally con-
gested, is nonetheless heavily used by a wide variety of
surface vessels including sail craft, cruise boats, fishing
boats, and a variety of commercial shipping vessels calling
at Honolulu Harbor. Surveys were conducted to assess the
boat traffic situation at various alternative locations off
of Honolulu. site. These surveys consisted of positioning
a small craft over the shallow end of a potential site (see
Figure 15) in about 60 to 80 feet of water and recording
data on all ships and boats passing within 500 (or, in one
case, 1,000) vards. The survey at each site included at
least one weekday and one weekend day between the hours of
9 AM and 6 PM (or later) each day. The general weather and
sea conditions were noted for each survey day, and the fol-
lowing information logged for each vessel passing the sur-
vey boat: time, type of craft, length, make or name, com-
mercial or private, apparent use or activity, where coming
from or going to, and closest point of approach (CPA).
Data sheets are included in Appendix E and the data are
summarized and discussed here.

Figure 16 is a summary of vessel counts from Appendix
E, adjusted to vessel counts per 1l2-hour day (survey
period) for each survey site. Differences in the types of
craft passing within 500 yards of each survey site and dif-
ferences between week day versus weekend day traffic are
tabulated below. Vessel types have been categorized as
follows:
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1 Commercial and military ships

g 2 commercial cruise vessels, tour boats

g 3 Commercial fishing vessels

g 4 Private sailboats

5 5 Private motor boats, recreational fishermen
6 Canoes, kayaks, surfboards

Counts within 1000 yds of the proposed site off Kakaako are
included as dashed-line extensions of the bars. However,
for analysis and discussion purposes, only vessels passing
within 500 yards of the Kakaako station are considered
herein.

With respect to average number of vessels per 12-hour
day (Figure 16), about the same number of commercial boats
(categories 1, 2 and 3) pass the Kakaako and Ala Moana sur-
vey sites while somewhat fewer (about 12%) private recrea-
tional and sport craft (categories 4, 5, and 6) pass off
Kakaako than off Ala Moana. The site off the eastern part
of Waikiki had about 25% more commercial boats and only
about half the number of small private boats as compared
with the other two sites. Of course, extending the Kakaako
Site observations toc 1000 yds, thereby encompassing the
Honolulu Harbor and Kewalo Basin channels, increases the
commercial traffic numbers observed from the Kakaako sta-
tion. It is important to note also, that the greater volume
of essentially larger vessels to the east represents tour
boats (category 2) and not commercial or military shipping

(category 1).

Some major differences between the sites in the types
of craft observed (Tables IV) are demonstrated. Thus, the
site off Kakaako is generally characterized by a higher
percentage of commercial shipping than either of the other
two sites, and a lower percentage of sport and recreational
craft as compared with off Ala Moana. The site off Ala
Moana is distinctive perhaps only by its great similarity
to the Kakaako location, differing in having a lower
proportion of larger ships and slightly greater proportion
of cruise vessels and small recreational boats. The
Waikiki site is most distinguishable by its substantially
higher proportion of cruise vessels, presumably reflecting
its greater distance offshore as regards all other
categories except commercial and military craft which, at
‘this distance from the harbors would be expected to be
passing well outside the site.
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HONOLULU. (*Dashed line shows averaged vessel counts
within 1000 yards of the position off Kakaako).

On the weekend as compared with weekdays (Table V)
there is a decrease in the percentage of vessel traffic
which is commercial and a corresponding increase in the
percentage of vessel traffic which is essentially recrea-
tional (off Kakaako and Waikiki but not off Ala Moana). At
least off Kakaako, this shift reflects an increase in the
numbers of recreational craft on the weekend compared with
week days, as the actual amount of commercial traffic de-
creases only slightly. Off Ala Moana, the weekday versus
weekend proportions show mostly only an increase in cruise
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TABLE IV. RELATIVE PROPORTIONS (PERCENT) OF TYPES OF VESSELS
OBSERVED AT THREE POTENTIAL DIVE SITES OFF HONOLULU
FOR ALL OBSERVATION DAYS COMBINED.

CATEGORY = =——=—==—=—mo=== SITE=——=m=m=———=——=
(TYPE) KAKAAKO ALA MOANA WAIKIKI
1 7 <1 2
2 20 26 44
3 6 6 12
4 24 21 22
5 41 42 18
6 1 6 2
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TABLE V. RELATIVE PROPORTIONS (PERCENT) OF TYPES OF VESSELS
OBSERVED AT THREE POTENTIAL DIVE SITES OFF HONOLULU
SEPARATED BY WEEKDAYS AND WEEKENDS (in parentheses).

CATEGORY = —====m=——===== STTE-—=—mm=——=m——===

(TYPE) KAKAAKO ALA MOANA WAIKIKI
1 13 (5) <1 (<1) 5 (1)

2 26 (18) 24 (28) 53 (40)

3 11 (28) 5 (6) 14 (12)

4 16 (28) 21 (20) 12 (26)

5 34 (44) 42 (43) 14 (19)
6 <1 (1) 8 (3) 2 (2)

vessels on the weekend. absolute numbers, as well as pro-
portions or percentages, for all other categories hardly
changed at this ljocation comparing a Tuesday and a Sunday
observation periods. As the Waikiki results suggest, a
saturday sample at the Ala Moana location probably would
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have yielded somewhat different results. Off Wwaikiki, the
weekend (Saturday) vessel counts more than double. Propor-
tional increases are shown in nearly all categories, but
most particularly in the numbers of sailboats and small
fishing craft. A major difference in the nyithin-weekend"
sampling results off Kakaako was a doubling (from 36 to 72)
of small motorized craft (category 5) on a saturday as com=
pared with 2a sunday.

The surveys were intended to roughly quantify vessel
traffic in waters within the depth range useful for submer-
sible operations. It is easily understood and observed
that a submersible operating area anywhere in navigable
waters off Honolulu will impact on surface vessel traffic
patterns. Reference to the 1000-yard observation area re-
sults off Kakaako (dashed extensions of the bars in
Figure 1.6) can be interpreted to indicate the increase in
(mostly) commercial type vessels that would pass by or
through a site located further offshore from the proposed
one. Despite the proximity of the proposed site to Honolulu
Harbor and Kewalo Basin, the vessel traffic volume was 10%
less here than off Ala Moana. The average number of boats
passing near the site off the eastern part of Waikiki was
8¢ less than that off Kakaako.

Both the Ala Moana and Waikiki observations are
similar with respect to numbers, and therefore probably
representative of the waters at comparable depth and dis-
tance anywhere offshore of Waikiki with respect to sail
boat traffic (the mean of all four sample days at both
sites is 18 craft per 12-hour day) . The waters off Ala
Moana, however, are more crowded with respect to small
motorized boats and canoes.

cruise or tour vessels which regularly travel from
Honolulu Harbor and Kewalo Basin towards Diamond Head
(eastward) and back would set courses passing the proposed
site, particularly when turns are made in deep water but
inside the outer channel markers. Minor course adjustments
in the established routines by these vessels might be
necessary to facilitate a safe pass of the submersible
operations. The inconvenience to cruise operators would be
offset by the penefit of the submersible operation becoming
an item of visual interest to cruise passengers.

These vessel counts lack the sophistication of com-
parable type vehicular traffic counts on city streets --
understandable given the costs and logistical difficulties
inherent in gathering these data at sea. They do, however,
provide a means of assessing the magnitude of the impact of
the proposed submersible operation on vessel traffic. Fur-
ther, for both safety reasons and ease of operations, a
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site characterized by a greater proportion of commercial
type vessels (manned by licensed pilots ang captains) ang
the lower Proportion of recreational craft, particularly
craft under sail, would be preferable. Additional Qis-
cussion of the results as they pertain to alternate sites
is presented in Section G.1.1.

E.4.2 8ite Utilization

the "reef" structure, This creative activity enhances the
potential use of the site and, in turn, will result in in-
terest in the site where none existed before. Specifical-
ly, this interest is likely to come from fishermen and
divers attracted to the enhanced site.

The evidence fronm studies conducted on artificial
reefs demonstrates that these features attract ang support
a variety of fishes, including Species of commercial and
recreational value (see Appendix B). The submersible

Corresponding low level of interest in the specific loca-
tion selected. The situation could change once the reefs
become populated, The central burpose of the reefs is to
Provide a focus of interest for submersible passengers and
a major aspect of the visual setting will be the abundance
of marine life.

ment to increase fishing and diving opportunities in areas
of low natural resources. Nonetheless, the full potential
of the concept cannot be evaluated if an unknown number of
fishes (and mostly commercially valuable Species) are being
withdrawn from the reef area.
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Submerged Lands Leasing Act. After reassessing its position
as regards to the need for a lease, Atlantis Submarines
withdrew its applications for such lease.

E.S5 OTHER IMPACTS
E.5.1 The Tourist Industry

The unigue nature of Atlantis and the public interest
it generates makes the submersible operation a valuable
component for tourism promotion (see Appendix A). For ex-
ample, the Cayman Island government has used Atlantis
extensively in press releases and promotional work
throughout Europe, the Caribbean, and North America and in
all their tourism offices. Measuring or predicting the
direct impact of Atlantis submersibles on the number of
tourists coming to Hawaii or each of the islands having
submersible tours would be difficult. Visitors to the is-
lands come for a complex variety of reasons, and expect a
wide range of experiences. However, the visitor satisfac-
tion demonstrated in post-tour surveys conducted in Grand
Cayman suggests that a professionally operated submersible
tour will contribute to the overall positive impression of
the island as a tourist destination.

E.5.2 The Water Sports Industry

The water sports sector of the tourist industry has
experienced exceptionally rapid growth in recent vyears,
particularly in the area of SCUBA diving. Within the in-
dustry, Atlantis is unique in that it introduces high tech-
nology, high volume passenger service, and access to an un-
derwater experience, regardless of age or physical condi-
tion of the participant. The experience in Grand Cayman
shows that submersible tours actually compliment and stimu-
late the business of dive shops and dive tour operators.
Specifically, persons who are experienced divers use the
Atlantis submersible to experience a dive to greater depths
than would ordinarily be practical without decompression.
Novice and non-divers gain from a ride aboard the submers-
ible an interest in exploring the undersea on their own,
with the result that they become new customers of dive gear
suppliers and dive tour operators. Because the submersible
operates in a fixed area, it cannot begin to offer the
range of underwater experiences available from snorkel and
SCUBA dive concessions. Thus, Atlantis is complimentary
to, not competitive with, other businesses in the dive in-
dustry.
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E.5.3 Public Pacilities and Resources

Atlantis Submarines intends to utilize existing
facilities for all land-based parts of the proposed opera-
tions. In Honolulu, existing warehouse/office space will
be leased to suit operational requirements. Arrangements
for space providing ample parking for a Passenger staging
area will be undertaken as described in Section B.3.2.
Land transportation will be contracted to existing 1local
firms. Presently available, public pier facilities will be
utilized for passenger pick-up. Restroom facilities are
available at the selected disembarkation point (Aloha
Tower), but also would be provided aboargd the shuttle craft
and transfer platform,

In as much as the proposed project does not affect or
change existing constraints on visitor numbers (i.e., num-
ber of hotel rooms, available seats on interisland air-
lines, number of rental vehicles, etc.), the impact of at-
tracting visitors to 0ahu would be minor. That is, even if
it could be demonstrated that the operation of a submer-

sible off Waikiki were having a measurable affect on the

Submarines. Thus, an impact might be to increase the util-
ized percent of capacity of hotel rooms, rental vehicles,
air passenger seats, etc., but predicting this increase, or
attributing a measurable increase to the submersible opera-
tion would not be possible.

It is anticipated that local increases in traffic and
numbers of persons utilizing shore facilities will be
minor. A diving tour lasts approximately one hour, and at
maximum capacity involves 46 people. A parking area away
from the pier area will be provided for bPassengers arriving
by private vehicile. Arrangements will be made with local
bus operators to deliver customers to the staging area. A
single bus will transfer passengers for a given dive tour
from the staging area to the pier, This means that for
each submersible operating off Waikiki, one bus will arrive
(and depart from) the shoreline transfer point each hour.

Use of an available docking space at the public pier
may require cooperation between Atlantis Submarines and any
present users of this area. Although the Atlantis shuttle
craft will be making relatively frequent tie-ups (hourly),
the Atlantis shuttle vessel will be maintaining a tight
schedule, thus requiring close coordination between the ar-
rival of the embarking tour group and the tie-up of the
"shuttle vessel at the pier.
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E.5.4 Employment and the Economy

The Atlantis operation requires a highly organized ad-
ministration and marketing staff to ensure the 12 one-hour
+turnaround tours per day. The high cost of equipment,
large staff, and overhead costs dictate a high volume
operation. The special procedures in administration,
ticketing, and marketing that have been developed will be
introduced into each location and local residents will be
trained in these methods and procedures.

The Atlantis submersible is a highly technical
machine. In the sophistication of its systems it is more
similar to an aircraft than a boat (see Section B.2). At-
lantis represents a new level of technical sophistication
in the water sports industry and, as such, will be a sig-
nificant employer in the areas of management and technical
personnel. Atlantis will provide attractive and challeng-
ing career opportunities for local residents with the
appropriate technical background, people skills, and the
ability to learn the specifics of this new tourist product.

Each full scale Atlantis operation requires three full
shifts of operating, mechanical, and clerical staff to en-
sure the 12 daily dives, 7 days per week and employs
approximately 30 people. The planned introduction to the
Hawaii market of six Atlantis submersibles will directly
employ approximately 180 people, the majority of which will
be professional technical and marketing personnel based in
Honolulu. These people will be trained and supervised ini-
tially by a core group of operational personnel.

Operation of the diving tours will create a steady
demand for gqualified submersible pilots in Hawaii and in
other areas where Atlantis submersibles operate. This de-
mand will be met by an in-house training program. Because
of the number of submersible units proposed for Hawaiian
waters, Hawaii would be a possible choice for locating a
company training center to service world-wide operations.

The indirect employment generated by ticket sales,
which will use a large number of agents, and in ground
transportation, which will be contracted to 1local
operators, will significantly increase the employment
benefits realized by the State of Hawaii. Additional im-
pacts or benefits to the local economy include a $3 to $4
million investment in operating sites development and con-
struction.
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E.5.5 Education

Atlantis provides opportunities for (1) ocean envi-
ronment awareness programs; (2) specialized educational
programs; and (3) scientific research. The increasegd
public access to the marine undersea environment provided
by Atlantis tours wiil promote the development of artifi-
cial reefs, ocean monitoring systems, and other scientific
and commercial activities underwater by increasing public
awareness of and experience with this environment.

In Grand Cayman over 1,000 school children from the
total approximate population of 18,000 have been carried on
"Atlantis I" under special educational programs. Similar
programs will be developed in Hawaii.

Research scientists and their students will be encour-
aged to utilize the artificial reefs to conduct studies. a
central theme of the tour narration will be the educational
and practical benefits of the unique and on-going research
at the sites, and the contribution of this research to our
understanding of the oceans.

The purpose of creating undersea habitat structures
and. placing sunken vessels at the dive sites is to provide
a focus of interest for submersible Passengers. Emphasis
of the tour will be on the educational value of these fea-
tures in combination with whatever extant natural elements
occur at the site. Atlantis Submarines, Inc. is not at-
tempting to create an artificial setting to "thrill" its
customers. Offering dives on an authentic submersible will
provide that aspect of the tour. The site enhancements
will be designed in keeping with the authenticity of the
submersible vessel by emphasizing, in design, deployment,
and long-term use, the scientific and educational value of
the structural additions.
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SECTION P.

ADVERSE IMPACTS8 WHICH CANNOT BE AVOIDED

The environmental impacts of this project will be
minimal. Adverse impacts which cannot be avoided relate to
the use of public facilities and operations on public lands
and waters (see Section D). Use of a State pier at
Honolulu, use of meoorings in Keehi Lagoon, and more or less
continuous use of a small but fixed area seaward of the
reef off Waikiki cannot aveid limiting to some extent the
use of these areas/facilities by others and increasing the
level of human activity in these areas.

Impacts associated with limitations on vessel traffic
in the submersible operating area cannot be avoided without
compromising safety and efficiency of the operation. It is
not intended to exclude other vessels from the pier, moor-
ing area, or dive site, but to ask that other vessels, like
those of the Atlantis Submarines' operation, observe stand-
ard conventions and courtesies to insure safe interactions
between vessels underway, moored, or anchored at sea.
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8ECTION G.

ALTERNATIVES

G.1l ALTERNATIVE 8ITES

A survey of the coastline of the Hawaiian Islands was
made prior to selection of sites for operating the Atlantis
submersibles. The factors considered critical to site
selection are discussed in Section B.3.4 and summarized as
follows:

(a) a shore pick-up area in close proximity to a
large tourist center;

(b) an underwater dive site sufficiently near the
pick-up area to permit the shuttle craft to load,
travel to the submersible, exchange passengers,
and return within 50 minutes;

(c) sea conditions typified by calm surfaces
throughout the year;

(d) good underwater visibility and low current
velocities at the dive site;

(e) depths ranging between =60 feet (below the
depth of water motion from large sea swells) and
-250 feet (maximum certified dive depth) within
the area traveled by the submersible during a dive
tour; and

(f) underwater attractions providing for an
jnteresting tour route within a relatively small
area.

G.1.1 Other Hawaiian Island Bites

Given the nature of this project, a proximity to
resort areas is understandably a primary requirement in
selection of an operating site. A proposal to operate sub-
mersibles off any island in the Hawaiian Chain is based on
consideration of the existing market for this attraction on
that island. The number of submersibles proposed to be
operated at each site is based on predictions from similar
considerations, whereas the number eventually operated will
depend upon operational experience at each site.
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G.1.2 oahu Island Alternate Bites —

Sea conditions off the north and windward coasts of
0Oahu are typically rough and ocean currents generally
strong much of the time, circumstances which would limit
the number of dives which could be accomplished annually.
Kaneohe Bay, although a protected marine environment, does
not provide the depth range required for the kind of diving -
experience being offered by Atlantis Submarines. Further,
it is doubtful that site enhancements could or should be
made within Kaneohe Bay. Thus, a submersible tour within
the Bay would offer 1little more than the existing glass-
bottom boat tour at a substantially higher operating cost.

Tours must be conducted within a mile or two of a
shore loading point and submersible maintenance facility.
on the north and windward coasts, this requirement would
1imit operations to the vicinity of Haleiwa, Heeia, or pos- —
sibly Makapuu pier. As noted, sea conditions offshore of
these areas (for Heeia, conditions outside of Kaneohe Bay)
would frequently preclude operations. Financial viability
of the project would ke jeopardized by both the limitations
on a year-round operation and the reduced number of pas-
sengers that could be expected given the distance of
windward and particularly north shore sites from the major -~
tourist concentration area in Waikiki.

The leeward (Waianae) coast of Oahu offers generally -
better operating conditions than the north or windward
coasts, particularly the more southerly portion of the Wai-
anae coast. shore disembarkation would be limited to
either Waianae Small Boat Harbor, Pokai Bay, or Barbers
Point Harbor. Available space, docking facilities, and
harbor depth at Waianae (including Pokai Bay) are not
adequate at this time. Docking facilities are presently
not available at Barbers Point, although presumably this
will change in the future. A major drawback to operating
off the leeward coast is the distance involved in
transporting passengers from the Waikiki area. The long
ride to a shore disembarkation site would discourage many
potential customers and require a doubling of the number of
transport buses since the round-trip could not be made in
under one hour. The distance would thus increase operating
costs and reduce revenues, jeopardizing the financial
viability of the project.

The south coast of Oahu potentially offers a nunber of
disembarkation points concentrated within Honolulu proper
between Pearl Harbor and the Ala Wai, and eastward to
Hawaii Kai. Facilities at Koko Marina (Hawaii Kai) are
presently inadequate for Atlantis Submarine needs and sea
conditions (primarily current velocities) outside Maunalua

60

—



Bay exceed suitable operating conditions for the submer-
sible. Use of Pearl Harbor is restricted by U.S. Navy con-
trol, and the Ala Wai is a marina dedicated primarily to
yacht berthing. Realistically, only Keehi Lagoon, Honolulu
Harbor, or Kewalo Basin can provide adequate shore
facilities for the proposed project. Selection of a sub-
mersible operating area off Honolulu must be considered in
light of the distances jnvolved from these potential shore
facilities.

G.1.3 Alternative Operating Areas

This environmental impact statement addresses the area
off Waikiki between the ~80 and =250 foot depth contours,
where acceptable operating conditions and suitable bottom
characteristics exist for the development of a viable site
for the submersible operation. This area is labeled
"potential Operating Area" in Figure 17. The selection of
the specific site (see Section B.3.4) within this area
takes into account the envircnmental and operational fac-
tors identified below.

An eastward limit for a potential operating site is
reached near Diamond Head where sea surface conditions and
current velocities (Bathen, 1978) tend to become unsuitable
for continuous submersible operations. Placement of the
dive area further eastward from Diamond Head would increase
the time and fuel costs for shuttling passengers between
the site and the dockside facility. Maintaining a one hour
turn-around time with the surface shuttle boat between
either Kewalo Basin or Honolulu Harbor and points off or
east of Diamond Head would be difficult, necessitating the
addition of a second shuttle craft and a concomitant in-
crease in operating costs. currents seaward of the reef
are, on occasion, in excess of 2 knots west of Diamond
Head, but diminish significantly westward of a line drawn
southwest from the Waikiki Natatorium (see Laevastu, Avery,
and Cox, 1964). However, even in the vicinity of the 100-
foot Hole, current velocities are excessive more often than
is suitable for a viable operation.

A westward limit based on consideration of shuttle
turn-around time would be in the vicinity of Ewa Beach.
However, the waters west of about the middle of the
Honolulu International Airport reef runway are restricted
(entrance to Pearl Harbor -- a submersible operation would
not be allowed). Sea conditions and particularly water
clarity west of Honolulu Harbor are frequently very poor.

First consideration was given to a site off Kakaako
(midway between the Honolulu Harbor entrance and Kewalo
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G.2

Basin entrance (AECOS, 1987a). This site was the subject
of some concern to the maritime industry represented by the
Maritime Affairs Committee of the Chamber of Commerce of
Hawaii. At the request of Atlantis Submarines, a special
subcommittee composed of representatives of the State Har-
bors Division, U.S. Coast Guard, Marine Pilot's Associa-
tion, and the maritime industry was established to deal
with relocation of the site. The relocated site proposed
in this EIS (Section B.3.5) represents a compromise in
ideal operating conditions in the interest of minimizing
impacts on the activities of the commercial shipping in-
dustry. At a meeting held on August 12, 1987, the Maritime
Affairs Committee was receptive to the proposed location
off Waikiki "...because it will not involve any inter-
ference with existing activities" and a motion was approved
for "...a resolution in support of Atlantis' operations and
the responsible consideration given to safety and commer-
cial shipping concerns."

Much of the boat and ship traffic west of Kewalo is
characterized by commercial vessels handled by 1licensed
pilots. Eastward from the vicinity of Kewalo Basin are
areas where sail boats and small pleasure craft concentrate
in Mamala Bay. The ideal depth contours for submersible
dives move farther offshore opposite Waikiki until off
Diamond Head. However, underwater currents tend to increase
in strength and frequency as the Diamond Head area is ap-
proached. While a variety of vessels utilize the waters
three-quarters of a mile seaward of Waikiki Beach, this
area is outside of the heavy use area for small recrea-
tional craft and well inside the sea lanes used by ships
moving between Honolulu Harbor and points east.

ALTERNATIVE OPERATIONS

The ideal approach to handling passengers on the sub-
mersible tour is to load directly from a dock, travel a
short distance to a dive site, and return to the dock to
unload and load the next tour group. Maintenance and over-
night mooring of the submersible would best be accomplished
at a shoreside facility within a protected harbor. Neither
of these scenarios for conducting underwater tours or sub-
mersible systems recharging and maintenance are presently
possible at Honolulu.

The proposed plan calls for mooring a transfer plat-
form over the dive site and utilizing the same platform for
night-time maintenance in Keehi Lagoon. As an alternative,
two platforms could serve these diverse purposes. Using
separate barge hulls might allow for the platforms to be
each smaller than the proposed design: a standard barge
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hull size of 40 x 60 feet would be suitable. However, both
barges would need to be moored in Keehi Lagoon at least
some of the time, entailing use of a larger mooring area.
If a shoreside maintenance facility became available, only
the transfer platform would be necessary. Under present
circumstances, however, the environmental impact would seem
to be less for operating a. single (combination) transfer/
maintenance platform than for operating two barges.

G.3 ALTERNATIVE OF NO ACTION

ordinarily the alternative of no action has little
relevance to a privately funded project except where com-
pelling alternative uses of resources would be pre-empted
by proceeding with the project. The Atlantis proposal,
however, is one for which the operational aspects or-
dinarily might not be subjected to an environmental impact
assessment under Chapter 343, HRS. Conceivably, conducting
of submarine tours in Hawaiian waters could be undertaken
strictly under the jurisdiction of the State Department of
Transportation with an assessment of significant impact,
even in any cumulative sense, difficult to demonstrate.

The EIS requirement for the Atlantis proposal stems
primarily from the proposal to enhance the dive site by
placing artificial reefs on the bottom, engendering the
requirement for a CDUP. 1Indeed, The Atlantis approach of
selecting a dive site with little resource value as
measured by the level of existing use and modifying that
site by funding construction and research on artificial
reef structures to suit its needs is one of the positive
aspects of the project in terms of public benefit. An ap-
proach could be taken to utilize an area of intrinsic
natural beauty and, depending upon shoreside activities,
carried out without need for county, state, or federal
(with the exception of vessel certification) permits.

As with any project, the identified impacts would not
occur if Atlantis elected not to operate a submersible out
of Honolulu. However, numerous other groups are presently
considering operating submersibles in the Hawaiian Islands.
Presently, these groups lack a certified submersible vessel
and/or operational experience. Any one of these groups
could elect to operate off of Oahu, conduct tours off
Waikiki, in Kaneche Bay, or at some popular dive location,
and do so without significant public input to the assess-
ment process. Underwater tours conducted in this manner
would have many of the same impacts on the community as
identified in this document, but would provide little to
' the community in return. The operations would compete
directly for ocean resources presently valued by cruise
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boats, commercial dive operators, recreational divers, and
fishermen.

The benefits to Hawaii's future and the economics of
the Hawaii tourist market are such that underwater submer-—
sible tours will come to the Islands. The cliche of "an
jdea whose time has come" may be worn but is clearly apt.
Thus, the very real impact of an alternative of no action
for the Atlantis proposal is not that identified impacts
will be avoided or even significantly delayed. These im-
pacts will certainly occur anyway, probably without benefit
of public debate, public input to site selection, or the
positive impact of private funding for artificial reef
development and research.
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SECTION H.

THE RELATIONSHIP BETWEEN LOCAL SHORT-TERM USES AND THE
MAINTENANCE AND ENHANCEMENT OF LONG-TERM PRODUCTIVITY

The increased activity around public facilities and on
submerged lands represents the pPrimary impact of the pro-
posed project on the environment. The presence of the
operation in the area will result in some limitation on fu-
ture, if not present use of the area by others. on the
other hand, the submersible will substantially increase the
access and utilization of the submerged lands by providing
large numbers of people the opportunity to view the habitat
structures and their associated marine life, contributing
both recreational and educaticnal benefits.

To whatever extent the proposed site enhancements act
as fish aggregation devices (FADs), an impact would be
associated with the attraction of fishes from surrounding
areas. However, a properly designed and located artificial
reef provides substratum and shelter for a bioclogical com-
munity (including juvenile fishes) and enhances fishery
resources in the area of deployment. The result is that
some fishes migrate away thereby increasing the common re-
sources elsewhere. Thus, in the long-term it can be ex-
pected that the submerged habitat structures will have a
positive impact on fisheries resources beyond the bound-
aries of the structures themselves.

Given that any negative impact of the project on ex~
isting fisheries ang fishing would be slight or absent,
that the beneficiaries of the research to be conducted on
the artificial reefs would be Hawaii's fishing community,
and that enhancement of fisheries in nearby areas will oc-
cur, it would appear that any minor negative impacts on the
fisheries or fishing in the area would be offset by the
significant long term benefits of the undertaking.

Hawaii's fishermen, both commercial and recreational,
will benefit in the long term if studies on the Atlantis'
artificial reefs yield encouraging results. The positive
demonstration of fisheries enhancement in the first several
Years after placement will promote other private and/or
government sponsored projects. Excessive fishing of these
reefs will produce ambiguous conclusions as to the value of
an artificial reef program, particularly if commercially
valuable species are removed and Yields not reported to the
research scientists. It is hoped that fishermen will be-
come partners with the fisheries biologists in this experi-
ment.
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BECTION I

MITIGATION MEASURES PROPOSED TQ MINIMIZE IMPACT

I.1.1 Dive 8ite Enhancements

I.1.2

Proposed modifications at the submersible operating
sites are intended to be enhancements -- not just in the
sense of enhancing by making more suitable to man's inter-
est (economic or otherwise), but also in the sense of in-
creasing biological richness. The operating area has been
selected primarily on the basis of proximity to tourist
markets, suitability of oceanographic conditions to the
operating parameters of the submersibles, and minimizing
impacts on existing resources and resource utilization.
The addition of habitat structures, including sunken ships,
is necessary to improve the attractiveness of the dive
tours to potential customers. These modifications to the
sea floor can be undertaken in an environmentally sound
manner. The success of the substantial investment in
making these modifications is determined by the same
criteria as would be used to judge the project's impact on
the environment: that is, an increase in the abundance of
marine life inhabiting the area. If the modifications are
not successful in this regard -- the biological impact is
not a positive one -- then the monetary investment in en-
hancing the sites is wasted.

Impacts on Public Use of the Waters Off Waikiki

The Atlantis underwater tours are scheduled around a
reservations system and not dependent upon open ticket
sales at the dock. This provides Atlantis with flexibility
in short and long term scheduling of dives. When un-
foreseen delays occur, schedules can be shifted or loads
adjusted without creating congestion at the pier. Blocks
of time coinciding with community events such as the
Molokai to Oahu canoe race can be removed from the schedule
without adversely affecting sales. Further, a certain per-
centage of the total number of dives conducted each year by
the Atlantis submersible involve crew training, systems
testing, and the like. These non-passenger dives can be
scheduled to coincide with major events in Mamala Bay when
the shuttle craft or dive operation might interfere with
such events.

69



(Blank Page)

70

—



T i e VP T e 5

PRS-

s rers

BECTION J

ANY IRREVERSIBLE AND IRRETRIEVABLE
COMMITMENTS OF RESOURCES

A designation of the dive site for use by Atlantis
Submarines does not represent an irreversible or irretriev-
able commitment of the resource represented by the several
acres of water surface or associated water column and sub-
merged lands. Placement of proposed habitat structures, in-
cluding sunken vessels, would not be irreversible, as all
of the structures can be removed utilizing available marine
salvage equipment. The development of permanent and senmi-
permanent habitat structures for fisheries enhancement
(NOAA, 1985) is presently an on-going activity in many
parts of the the world, including Hawaiian waters. If At-
lantis Submarines were to abandon use of the proposed site
enhancements, the value of the artificial reefs to the
fishing and diving community would not be diminished.
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APPENDIX A

COMMENTS AND SUPPORTING LETTERS



Agencies, Organizations, and Individuals Responding to the
Department of the Army Permit Application Public Notice with

Comments:

Federal Agencies

Fish and Wildlife Service, Ernest Kosaka, May 12, 1987.
National Marine Fisheries Service, John Naughton,

May 20, 1987.
U.S. Coast Guard, R.W. Brandes, May 29, 1987.

State of Hawaii

Dept. Land and Natural Resources, William W. Paty, May 19,
1987.

University of Hawaii, Environmental Center, John Harrison,
May 28, 1987

Dept. Planning & Economic Development, Roger Ulveling,
June 15, 1987.

County Agencies

Dept. General Planning, C & C of Honolulu, Donald Glegq,
November 12, 1%87.

Privat iv als and Organizations

Sause Bros., Inc., J.J. Robertson, May 13, 1987.

The Outdoor Circle, Betty Crocker, May 15, 1987.
Matson Navigation Co., J.W. Landregan, May 21, 1987.
TheoDavies Marine Agencies, K.H. Bowman, May 26, 1987.
The Sierra Club, Phyllis Ha, May 28, 1987.



Agencies, Organizations, and Individuals Responding to the En-
vironmental Assessment and/or CDUA with "No Commentw:

Federal Agencies
Army Corps of Engineers, John G. Emmerson, October 22, 1987.

County Agencies

Waikiki Neighborhood Board No. 9, Jack Denton, November 5,
1987.

Agencies, Organizations, and Individuals Responding to the En-
vironmental Assessment, EI8 Preparation Notice, or CDUA with
Comments:

Federal Agencies

Army Corps of Engineers, John G. Emmerson, May 26, 1987.
Fish and Wildlife Service, Allan Marmalstein, May 27, 1987.

State Agencies

Dept. of Health, John C. Lewin, May 12, 1987.

Dept. Land & Natural Resources, Ralston Nagata, May 21,
1987.

Dept. of Health, John C. Lewin, May 29, 1987.

Office Environmental Quality Control, John C. Lewin, May 29,
1987.

Dept. of Transportation, Edward Y. Hirata June 4, 1987.

Dept. Planning & Econonic Development, Roger A. Ulveling,
June 17, 1987.

University of Hawaii, Environmental Center, John Harrison,
June 19,1987

Office of Hawaiian Affairs, Kamakiu A. Kanahele, June 23,
1987.

Dept. of Health, John C. Lewin, June 29, 1987

House of Representatives, 14th Legislature, Representative
Danial J. Kihano, October 28, 1987.

County Agencies

Dept. Land Utilization, City & County of Honolulu, John P.
Whalen, May 27, 1987

Private Individuals and Organizations

Hawali Visitors Bureau, Stanley Hong, April 6, 1987.
Honolulu Elks Lodge, Percy K. Mirikitani, November 2, 1987.




Lo Agencies, Organizations, and Individuals Responding to the Draft

C Environmental Impact Statement with ""No Comment":

~ Federal Agencies

Soil Conservation Service, Richard Duncan, October 9, 1987
U.S5. Navy, R.M. Gallen, October 23, 1987

- State Agencies

— Dept. Accounting and General Services, Russel S. Nagata,
. October 14, 1987.

Dept. of Defense, Jerry M. Matsuda, October 23, 1987.

Dept. of Agriculture, Suzanne Peterson, October 20, 1987.

Dept. Business & Economic Development, Roger Ulveling,

October 20, 1987.
Dept. Business & Economic Development, Russel Fukumoto,
o= November 6, 1987.

i City & County of Honolulu

i Building Department, C & C Honolulu, Herbert K. Muraoka,
L October 15, 1987.
: Board of Water Supply, C & C Honolulu, Kazu Hayashida,
- October 16, 1987.
Dept. Land Utilization, C & C Honolulu, John P. Whalen,
November 12, 1987.

Private Individuals and Organizations

Hawaiian Electric Company, Inc., Environmental Department,
Brenner Munger, October 27, 1987.



Agencies, organizations, and Individuals Responding to the draft
Environmental Impact Statement with Comments:

Federal Agencies

National Marine Fisheries Service, Richard S. Shomura,
October 9, 1987.

Fish and Wildlife Service, Ernest Kosaka, October 19,
1987.

State of Hawaii

Dept. of Health, John C. Lewin, October 27, 1987.

University of Hawaii, Marine options Program, Sherwood
Maynard, November 4, 1987.

Department of Transportation, Edward Hirata, November 12,
1987.

Dept. Land & Natural Resources, William W. Paty, November
23, 1987.

University of Hawaii, Environmental Center, Jacquelin N.
Miller, November 23, 1987.

Department of Transportation, Edward Hirata, November 24,
1987.

gity and County of Honolulu

Dept. of Housing and Community Development, C & C Honolulu,
Mike Moon, October 26, 1987.

Honolulu Fire Department, Frank K. Kahoohanohano, November
3, 1987.

Dept. Transportation Services, C & C Honolulu, John Hirten,
November 6, 1987.

Police Department, C & C Honolulu, Warren Ferreira,
November 16, 1987.

Waikiki Neighborhod Board No. 9, Jack Denton, November 23,
1987.

Private Individuals and organizations

classic Surfboards, Ginny Cabata, November 1987.

West Diamond Head Community Association, David Sterrett,
November 10, 1987.

Waikiki Residents Association, Georgia Miller, November 22,
1987
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SAUSE BROS. ..

By Nt et

MER 20 « HONOLULU, HAWAIL DoA)? = TELEPHONE {BOB} 521 5082

May 13, 1987

Oistrict Engineer (PODCO-0)
U.5. Army Corps of Enginzers
Building 230

Fort Shafter, Hawai{ 96858

Subject: Public Motice Mo. PODCO-0 1988-5 - Applicant Atlantis Submarines,
Inc. perait to locate a mooring offshore midway between Kewalo
Basin and Honolulu Marbor in ipproximately 90' of water.

Gentlemen:

We do not feel that subfect permit should be 1ssued without further
consideration for the following reasons.

1. The application requests a permit for a third bouy in approximate terms

om honun_na and water depth and does not specify limits with respect to
efther.

2, While the approximate location requested was obviously selected for
tonvenience of Atlantis quick access to either Kewaln Lagoon or Honolulu
Harbor, the site as proposed {s immedfately adjacent to or in a navigable
area of water which s utiiized daily by traffic diverting out of the
Honolulu Harbor entrance channel toward Diamond Head in order to expedite
the flow of inward traffic. Any obstruction §n the area requasted may
well obstruct navigation and will at least cause further congestion to
an already congested traffic flow in the Honolulu Harbor entrance channel,

Far these reason's, we hereby respectively request that the U.S. Aray Engineers
hold a public meeting to consider subject application.

Yery truly yours,
SAUSE BRO

H obértSon
Vice President - Hawaii
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THE OUTDOOR CIRCLE

SUl N e grd, Swire Sus, Hoaolul, Heweu P02~
SOR-$21-0074

Hay 15. 1987

District Enginesr

U. 6. Army Corps of Enginears
Building 30
Fort Shafter, Hawaii 94858

SUBJECT: Public Notices No. PODCO-0 1988-5

PODCO-D 1989-S

PODCO-0 1990-5
Regarding tha Public Notice for a permit by Atlantis
Submarines; Inc. for subhmarine activity in waters off
Kakaavo, Lahaina, Kailua-Fona.
The Outdoor Circle questions:

1. How traffic and fishing will be 1imited in the vicinity
of the artificial reefs (paragraph 57

2, How will the takaako site mesh with proposed Amserica’s
Cup site developmant?

3. Hhat are the concerns of local fisherman?

Thank you for tha opportunity to address these proposed
activities.

Sincerely,

|umwxwfkofmwannhwaxc

Hrs. Thsodore Crocher
Prasident
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AECOS

970N Kalsheo Avenue, Suils A0 + Kakua, Howsd Ly k]
Telephone: (808} 254-5854
June 3. 1987

John C. Lewln, W.D.
Director

Deportmant of Health
P.0. Box 3378
Honolulu, H1 96801

RE: Your flle f EPHSD

pear Dr. Lexin,

¥We heve recalved o copy of your fetter to MWr. willlam Poty,
Chairman. ot +the Deportment Of tand and Notural flesources,
regarding  the Atlontls Submarines, tnc. propesal 1o operate

submersibles In Hewal lan waters. following 15 & response 10 the
copments made In this lettar:

1. Exciusive lse lssus

Ne esgrec that the "excluslve use” Issue must be sddressed
snd resolved. In reading Chopier 54 of the State of Hawell,
Depertment of Health. Adninlistrative Rules {AR), the only wording
which oppeears to pertaln to the sppllcent's proposal s (Sectlon
11-54<03Lc){1} In partls .

Jo the extent practicable, the wllderness cherocter ot
these sreas shsll be uqo¢on¢on.-

Clearly, the construction ot ertlficlel reetfs by State and
Feders! sgencles ot @ number of offshors locstions has previously
been found compatibie with this sectlon of the Rules. Ve foll to
understand how The ovv__nns*.u proposal violates the sectlons of
ths Rules chted in your tetter considering thet the proposed
pctlon will no¥ degrade weter quallty In slther Class A or Class
A waters and the clted reguliotions are clearly Intended 10
protecy agalnst jnfringements on daslgnated uses cousad by water
quality dagredation. 14 conflict exists betwesn the AR {end the
Howsll Revised Statutss upon which the Rules ere besed) and Act
91, SLH 1986 (providing for ccenan leasingl, such conflict would

be beyond 1he scops of the opplicent’s responsibllitlies under
Chapter 342, HRS.

2. ¥psisystor Disppsal

Al tollet tactitties will be providsd aboard the surface
transter vessals and will comply with pDepartment of Henlth

et

ATER)

.
i
!

requirements for vessels opsrating th State harbors. Weste water
will be $ronsferred end pumpad 1lnto appropriste shoreside systenms
tor dispossl end trestment by existing trentment plants. Trucks

may be used 40 haul westawaster 1o sxisting trastment plents 1t no
shoreside systems oxist.

We would apprecieis recelving rules aond ragulations
regarding westewster dlsposal for vessels operating In hearbors
snd nessrshore weaiers, end any practicel pdvice for disposal st
herbors whers pumping taclii1ties are unevallsble.

3. Artlficiel Read

Vessels, vesssl parts, or any other materiel which mey con™
tein toxlc of potentlally hezardous matertal will not be used 10
construct artificlal reefs. Monltoring tor microsigee knowh oOF
implicated 1In producing ciguatera In f1sh popuiations could be
conducted In conjunctlion wilth studies of blologlcel snhencement
pisnned for ths proposed artiflcial rests.

4, Q0ther Heplth Lopcerns

The submarines wlhl be bullt according to the Amsrlicen
Bureau of Shipplng snd US Coost Guard stendords. Alr wlll be
suppllied by an 02 snd CO2 scrubber system typical of cormerclal

snd mibltery submarines. Potabie water will not? be suppllad on
the submarine.

The submarines are in operation In gerbados, Grand Ceymsns,
snd U.5- Yirgln istends and detells concerning the vantilation
system. for sxgmple. can be provided vpon request.

Please feal frse 10 contact Eric B. Gulnther or snookle
Melle, 1f you hoeve {urther commsnis or questions regerding the

CDUA, Environmental Assassment OF your Dept. of Heslth require-
nents.

Sincarely,

ccs Gell Her » DLHR
John Emmerson, USAray Cok




United States Department of the Interior
FISH AND WILDLIFE SERVICE

- B

200 ALA MOANA BOULEVARD ES lb.  Enlps
..o:oﬂ.w_.-ﬂ.n“..-ﬂ__uq-.-n HOOJ 807 .
MAY 12 w87

Colonel Francis W. Wanoer

U.S. Army Engineer District, Honolulu
Bulilding 230

Fort Shafter, Haownii 96B58-5440

Re: PODCO-0 198BB-S, PODCO-O 1989-5, PODCO-0 1990-S; Commercinl
operotion of submersible tours on Stete-owned submerged

lands st Keehil Lagoon, Oahu; Lehaina, Maui; and
Eailua-Kons, Hawaii.

Bear Colonel MWanner:

We have reviewed the referenced appliceations snd offer the
following comments for your consideration.

This report has been prepared under the authority of and in
accordance with the provisiona of the Fish end Wildlife
Coordination Act (48 Stat. 401, as amended; 16 U.S5.C. 661 gt
seq.) and other authorities mandeting Department of the Interior
concern for environmenta) values. It is almo consistent with the
intent of the National Environmental Policy Act.

We have po objections to the proposed projects provided the
following apecial conditiona sre included in the permit:

a. All oil and waste petroleus products from the ships and
sirplanes should be removed from the vessels prior to sinking.
Disposal of waate petroleum should be coordinamted with the Stete
Department of Health and Environmental Protection Agency.

b. Scuttling a ship and mccurately placing the vessel on a
specific site on the sea floor presents aeveral technical

problems. The scuttling of any ahip should be closely
coordinated with the U.S5. Coast Guard.

c. The placement of the concrete cubes and boulders within

the project aite should avoid areas supporting locally high live
coral coverasge.

d. The artificial reefs should be monitored to document
the development of fish and coral communities.
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e. The structural stability of the artificial reefs to
withstand atora surges should be determined by qualified
engineers. We are concerbed that the artificial reefs may break

spart snd scour and dasage corsl communities during storm surge
conditions.

We appreciate the copportunity to comment.

Sincerely,

15" Ernent Koseka
Project Leader, Environmentel Services
Pacific Ialandes Office

cc: MNMFS - WPPO
EPA, San Francisco
U.5. Coaat Guard
DOH




MARYKNOLL (P HIGH SCHOOL

180T PUSsAROY STAILY < » PHOMNE S 0377 o ROPOLLRLL, HAWAN $4832

SCIENCE DEPARTHENT

William Paty, Land Board Chairman

State Department of Land and Natural Resources
1151 Punchbowl Streat

Honolulu. Hawaii 96813

Navember S, 1787
TESTIMONY FOR Atlantis Submarines, Inc, to operate off Waikiki, Oahu.

Last Sprina when I saw my first presentation about ATLANTIS
SUBMARINES, 1 got very excited. Being a Marine Science Taacher, I'm
always looking for naw ways to stimulate my students to get involved
with this beautiful marine eavironment we call home. And a submarine
trip would certainly qet thea wmko—cna___

The area the submersibles want to operate in is now only cavered with
rubble.

ATLANTIS SUBHMARINES® proposal to construct ARTIFICIAL REEFS would

benafit many of our lucal “"communities™: research, aducation, diving
and fishing, as well as our tourist industry. Artificial reefs have
proven their worth in other areas. since the University of Hawaii's

Dr. Brock will be involved, it surely will be done well for our
islanda.

The tourists certainly will love submarine rides. thus supporting the
wconomics necassary for ATLANTIS to operate: thereby enabling ATLANTIS
to give educational discounts. 1 await the opportunity to have my
students see what surrounds us. to help them better understand the
vital relationship of sea and land, and to care more far our
environment. After all, our children are cur future!

Sincerely interested,

At d otes—

Alice P. S. Robarts
Marine Science Teacher, Maryknoll High School

cc: Aandrew Corcoran, Principal, Maryknoll Hiah Schaal
Atlantis Submarines. Inc.
AECO3
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TESTIMONY SUPPORTING ATLANTIS SUBMARINES INC.
PROPOSAL TO OPERATE SUBMERSIBLES
AS A PUBLIC ATTRACTION OFF WAIKIKI

Donald S. Bowman IIl
SCUBA Diver and active ocean user

CHAIRMAN PATY AND MEMBERS OF THE BOARD OF LAND AND NATURAL RESOURCES

I am Scotty Bowman, and for years now I have been involved in ocean
activities in Hawail. These include SCUBA Diving, Snorkeling, Surf-
ing, Water Skiing, Sailing and Deep Sea Fishing.

These activities have provided me with the opportunity to learn first
hand, that the ocean is a finite resource, and to share the concern of
80 many others about the eteady depletion of that resource.

In recent years, I learned the advanced technology of artificial reef
conetruction offers a potential solution to this problem of marine
resource depletion. The modern design of artificial reefs can signif-
icantly enhance the marine environment, and can be the basis for the
eventual regeneration of cur marine resource,

Unfortunately, we have not sesn a major effort in Hawaii to construct
artificial reefs. There are several reasons for this, not the least

of which is money. Some of the other problems revolve around design
characteristics and site selection.

Enter Atlantis Subparines Inc.

When they firat arrived last year, and requested exclusive use of a
portion of our ocean, 1 joined countless others in opposing their
proposal, Rather than accepting defeat and sulking off to another
part of the world, Atlantis Submarines, Inc. began meeting with locals
to see what they could do to overcoms our objections.

1 am, frankly, very impressed with the changes they have made to

thelr proposal, and to their willingness to become working partners in
the effort to improve our ocean resource. Their plan to deploy a
major artificial off Walkiki, and to work with the University of
Hawail and your Department is a fabulous one. Thelr infusion of
private sector funds into a program that has already been funded by

your departaent, should be a tremendous booet for the artificial reef
program in Hawaig,

.. e S .

-

I see the area off Waikiki pro
ing a testing ground for numerous artificial ree
ment methods. When the test determines that a ¢

then state funds can be used to deploy
entire state,

In addition, the cperation of submersihles in Hawail will provide
non-divers with the opportunity to experience the beauty and serenity
of the sea. This experience will have far nnnnruanuuu-nnu.runnzmn.

over time, a broad range of pPeople in our state will begin to undepr-
stand how fragile the vast ocean really is,

I fully support this proposal and encourage

your department to approv
the operation of Atlantis Submarine, Inc, i wP ¢

Thank you for allowing me to testify on this proposal.
Your review, are four articles en artificia) reefs.

LIy~

Enclosed for
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Dcar Mr. Pavy, %B@@E::

THE NEMBERS OF THE HONOLULU MOSQUITO TROLLING CLUB, A SHALL BOAT
TROLLING CLUB ESTABLISHED-OVER 20 YEARS ACO, WOULD LIKE TO EXPRESS
THEIR APPROVAL OF THL PROPOSCD ATLANTIS SUBMARINE uNDERWATER TOURS
OFF OF Walkiki, WE FEEL THAT 1HIS UNIQUE SUGMARINE OPERATION WILL
LEAD 10 ANl INCREASL IN SPENDINGS OF THE VISITORS TO OUR STATL.
THIS wiILtL IN TURH, GREATLY NELP THE ECONOMY OF HAWAII AND THE
RCSI1DENTS OF QUR STATL, MOST OF THE HEMBERS OF OUR CLUND ARE NOT
DIRECTLY INVOLVED wWiITW TOURISH, BUT WE ALL DO REALIZE TMAT TOURISM
AFFCCTS DUR LIVELIHOGH) IN SOME WAY OR ANOTHER.

WE 00 NOT FEEL THAT THE CONSTRUCTION OF AN ARTIFICIAL RELEFT BY
ATLANTIS SUBMARINES WiLL 1H AMY WAY REDUCE QUR ABILITY 10 FISH AND,
IN FACT, MAY INCREASL THE PRODUCTIVITY OF THE WATERS OFF OF WAIKIK!.
ALL OF THE PRESENT ARTIFICIAL RECFS AROUND OUR STATE HAVE UNOOUBTEDLY
HELPED TU INCREASE THE FISH POPULATIONS AND WL CAN SEE NO REASON WHY
& NEW REEF OFF OF WAIKIKI WOULD BE ANY DIFFCRENT. WE WIAVE ALSO
CORSIDERTU THE FAGT THMAT THE OPERATIONS OF THE SUBMARINE WiLL [N ALL
LIKELIHOOD NAKE FISHING OVER THE NEW REEF NCARLY IMPOSSIDLE. BUT WE
UO ALSO RCALIZE THAT AN ARTIFICIAL REEF IN THE WAIKIXKI AREA MAY MLLP
TO REVITALIZE THE FISH POPULATIONS IN ADJACCHT AREAS.

VIE ARC ACUTLLY AWARE TIUIAT ANY INCREASE IN THE COMMERCIAL USAGE OF
OUR NEARSHORE AREAS WILL HELP TO nranﬂ MORE JOBS. REQUIRE BETTER
O1-SHORE MARINE FACILITIES ﬂun. LAUNCHING RAMPS, REPAIRSHOPS, FUuEL
DOCKS, MAHOORS, ETC.) AND INCREASE THL INCOME TO QUR STATE. THIS
IS SOMETINING WE ARC IN FAVOR OF AND WE FECL THAT THE SUOMARINE 1S A
HUCIHE MORE LUGTICAL BUSINLSS FOR INE SYATC TO SUPPORT RATHCR THAN THE

iLL CONCEIVED (DEAL OF ATTRACTING THE AMERICA'S Cur RACES 10
Hawart,

WE CAN FORESEE THAT THE SUBMARLNE OPLCRATIONS WILL BECOME A MAJOR
ATTRACTION FOR VISITORS REVALING THE PEARL HARBOR AND EVEMING
OINNER CRUISES, |7 WILL PROBABLY HELP TO INCREASE THE DIVE INDUSTRY'S

BUSINESS GREATLY BY INCREASING AN AWARENESS AND INTEREST \N QUR

STATE'S GREAT MARINE RESOURCES. ALL OF THIS IN TURN WILL EMPHASIZE

THE NEED TO MANAGE OUR MARINE ENVIRONMENT PROPERLY,

IT 1S A FACT THAT THL VISITORS TO OUR STATE COME TO HAwAail BECAUSC
OF QUR CLIMATE AND MARINE RESOURCES...SUNSHINL, BEAUTIFUL BEACHES,
AND CLEAR WARM OCEANS.,.AND WE WOULD BE REMISS IF WE FAILED fTO

PROPERLY UTILIZE OUR MARINE RESOURCES AND OUR HUMBER ONE INDUSTRY,
TOURISM, TO THEIR FULL POTCNTIALS,

THEREFORE, THE MEMBERS OF THE HONOLULU MOSQUITO TROLLING CLUB, asks
THAT THE ATLANTIS SUUMARINE TOURS BE GRANTEO THE HECESSARY PLRMITS
TO BEGIN CONSTRUCTION AND OPLRATIONS IN HAwALL.

SINCERELY,
NN\\@.C Nk

CaLy i Nasacaw
{

CLAYTON Yama

CC: ATLANTIS SUBMARINE, INC. _
Marx Suiso



OCEAN cann.
INNOVATORS P.O.Dox 88121 Honoluly, Hawaii 95 (808) 513-6434

November 5, 1987 §eas0

Mr. Hilllam Paty

and Msmbers of tha Lend Board

Depertaent of Land and Naturs]l Ramourcss
State of Hawell

Gantlansn,

I am Bn ocean anginear in private practice, a rasaarch affFiliata
at the University’s Look Laboratory of Ocesnogrmphic Enginesring,
snd a boat ownsr st the Ala Wai Yacht Harbor. In all thass
capacitios I wish to testify fn Favor of your granting s permic
to Atlantls Submarines to sstablish an artificial resf sita

of F Walkiki.

As @ recrastional Scubas diver I support any affort to craate
additionsl dive sitows wixzhin easy travel distance From Als Wal
or Xeshl harbors.

As an acean sngineoer I have bos=n involved as @ consultant to tha
Univarsity of Hawali on twa artificisl reaf resssrch projocts

in which unique designs for raef modules wsrs Formulsted and
fField tasted, These have cemonstreted ta me the improsslve
sbility of artificial reafs to markedly increass fish populations
in otherwiss barran sraas. Oesigns can he tmilored to attract
large Fish or to creats nursarios to foster juvenile rocrultment.

Yhe State should welcoma private investment in reef construction
espocially Lf ths site 1s to be opan to tha public. I feel the
private sector end comeunity groups can mska » great contribution
to srtificisl reef dsvelopment in Hawsii to supplement tha work
baing done by the DLNA., This is @ resource that ls currently

baing ignored and scmatimas sven thwsrtad. Other statas have

mora cooperstive policles. In Florids, for sxempla, most of thair
nearly 200 artiFlicial reafs were creoated by Fishing clubs and other
privata organizations.

Hopefully, if thls pormit ls granted, this site will becoms a
proving ground for sama of the designs developed here in Hawall,

and that the wuccess of this venture will prompt the State to
voluntarily designere sdditiocnal artificial reaf zones mround the
island wnd ancoursgas particlipation in resf construction at the
community level. Certainly the dive tour industry snd our
recraational divers, as wsll ss ressarch, educatlion and conmervatlion
concerns would &l1 benafit From acditional properly dasigned anc
convanlently lecated srtificisl reefs.

Sipcerely,

\&mVAMMW\phllrthw

roderick M. Casciano

Ocean Laquipment Deselopment

S SR G R e TR G A U T A

F ST T R 6RO ST A T AT g T Ty

r—

Hovember 5, 1987

Mr. William Paty, Chairman

DEPARTHENT OF LAND AND NATURAL RESOURCES
Kalanimoku Building

Honolulu, Hawaii 96813

Chairman Paty and Members of the Scard:

I am fully in support for allowing the submarine profect to go ahead.
There will be a greater awareness of our ocean environment.

A greater number of people will be able to enjoy our underwater world.
We will get an artificial reef system build at no cost to the TAXPAYER.
The knowledge, expertise and skill of building these ARTIFICIAL REEFS

will be shared in cooperation with peaple at the U
who are working also in artificial reef nqnumnnm. miversity of Hawail,

1'd 1ike to see it, because [ want to go d i
the kids. 1 think it would be great! — o supearine and take

Thank you for the opportunity to comment.

Stan Mright
TV-2 "Let's Go Fishing"

s



November 5, 1987

.-.»m:_naawmunaau?nm:vuo_.—_.o_. Operating Atfantis Submersibles Off Waikiki,
Oahu by Atlantls Submarines, Inc,

Presented t0; Land Board Hearing for Conservation District Use Applicadon

My name is BARBARA KLEMM. lam testifying a3 a concemed citizen in suppott of Adlaniis
mna_._._...uwrﬁ. Inc. 10 own.u-__._n >=§=w_ uu_..g& ibles m“.__ Hawaiian tunﬁ?E My wMM._“_E:w is
particularly in support of ihe unparalleled education opportuni t this sul ible operation
would provide for school children and for the general public annuﬂ about the undersea world.

As a doctoral-level educator, I have worked for almost two decades in this state developing
environmental and marine science curricular materials for elementary and secondary children, I
have also warked with hundreds of teachers in the islands helping them to teach about the oceans.
LastyearT served also as president of the Hawajj Science Teachers Association. Iam theroughly
familiar with both the formal school rograms related 1o the oceans and ather nonformal programs
in our siate. Furthermare, for more 135 years I have been an active scuba diver with the
Hawaii Divers Association, a group of local divers whose recreational dives are mostly in the
coastal waters off Waikiki.

The ultimate goal of all the marine education programs in this suate is marine literacy so that our
citizens can make informed decisions regarding the wise use of our oceans.  The ideal
cducational experience has always been to be able 1o provide first-hand experiences for our school
children and others as they leam about the oceans. ‘Thus far weacher-led field trips to the ocean
have not proven the answer. My research data show that even among the teachers who teach a full
one-year of marine science, the average number of field trips per year 10 coastal marine sites is one
orless. Safery regulations goveming school field trips preclude snorkeling or diving. The closest
experience available now to school children in Hawaii are two shipboard cruise programs. These
give students a view of the ocean only from the surface, and only in wrmns of much carlier marine
technologies used by occanographers to study the oceans. From an environmental conservation
point of view, my reservation about the rwo existing programs is the damage that they cause with
anchor dropping and botiom sampling activities conducted repeatedly within the same offshore
coastal areas. The Arlansis submersible, by contrast, provides a safz, yei environmentally sound
way o conduct underwater oceanic field trips and excursions.

1 saw onc of the Atlanris submersibles when I was an invited participant at the EXPO '86 in
Vancouver, Canada, T aleo had the opportunity to talk with its developers and w learn about its
educational and tourist uses in the nnhw:ﬁ: Islands, T have reviewed the Draft Environmental
Impact Statement describing proposed operation of the submersible off Waikiki. As a scuba diver
I'am familiar with the proposed site of i ns and know it 10 be a featureless arey that at present
is relatively devoid of marine life, 1 have also had the opportunity to scuba dive on rwo
experimental artificial reefs set up within Hawaiian waters and have seen how effectively these
amact fish and other marine life. 1am convinced that the ﬁ&.&& construction of underwater
habitats would enhance the site. I am further convinced that operation of the submersible would
demonstrate sound environmental management and at the same time provide an interesting, reliable
site for educational purpases.

Inthe Arlanris submersible I see an underwater vehicle that can provide an ideal means for
teaching about coral reef ecology, volcanic geology, and ocean physics. Submarine field trips
would not only open the deeper ocean frontier to our students, but also provide opportunities for
them (o lean more about ocean research, technology, and related economic opporiunities in
Hawaii. This is panicularly important in view of the heed 1o attract and retain Hawaii's talented
youth for high-technology careers here in Hawaii, Being the first to have such a program in our
nation would send clear signals to others about our state as well,

Moreover, the propesed Atlantis program would serve to enlighten large numbers of adults and
their children through tourist-oricniented, nonfoemal educational opporwnities. Without needing
nwnw special water-related skills, parents and their children can view underwater habitats. The
effectiveness of firsthand learning experiences in developing awareness of and committment to the
environment is thoroughly documented in educational research. Thus, the proposed submersible
program would in the long run contribute 10 engaging citizens in leaming about conservation and
wisc use of ocean resources.

In conclusion, Iam thoroughly convinced that on the grounds of its educational potential, the
Adantis Submarine Inc, proposal shauld be supported.

Thank you.

E. fridang. Heoocrom

E. Barbara Klemm, Ed. D.
227 Uilama St
Kailua, HI 96822 263-4556



Testisony relating to proposal by Atlantis Submaczines
pDate: Hoveaber 5, 1987
Prepared by: Bruce A, Carlson

I would like to confine my testimony to fissuss I sz mosk
experienced with, in particular, those relating to the potential
effects of this projsct ou the reef envireasment. 1 have rtevieuad
the EIS feotr this project and I understand it will involve the
davelopment of an artificial reef on the u-nwoou at a depth of
about 55+ faet, and a distance of about 4,300 offshore. 1 am
fairly faniliast with this area having dived oo numerous octtaslions
at the pearby "100 Foot Hole™., HMoat of an topography in this ]
ares is flat, featuteless, sud "fish-less™.

ft is a well known fact that the numbers of £ishes incraasas
dramatically as the number of avallable hiding places facrease,
Given the present environment, which can best be describad as
barren, the artificial reef propossd for this ares would
undoubtedly enhance the fish pepulation.

e arepoced artificlal reel is no amore objectionsblae thaz
v»uu=M”uuw -ﬂn jn somsona's backyard, With the prorvision that .
this project will not infringa upon divers vho wish to dive aroun
the oearby "100-Foot Hole" dive site, 1 sse Do raason 1o oppose
this project from the point of view of any potential negative
fmpacts on the resf environaent.

o ey
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Mavemher 5, 1%B7

Mr. William W, Faty, Chairperson:
Board aof Land and Natural Resources

RE: Teatimony for the Offshore Waillli Atlantis Submarine Project.

Presented to the Land Poard Hearing for Consarvation District
Use Application

I am Dorothy Wendt, testifying in favor of the Atlantis Submarsible
cperations in the state of Hawaii. The svbmersible project would
provide Hawaii's citizens of all ages the unigue emiperience of seeing
the underwater part of their island world. Onsite observation of

a scientific project 1n progress 18 a privilage seldom granted the
general public. First hand experience 15 & prime motivator in the
life~long process of learning. Especially so0 when 1t's safe,
unique, ropeatable, and clos2 to home.

I made my first scuba dive in Navemlier 1952 and tsught the

first scuba course for civilians in Hawaii the follocwing spring.
1 have dived throughout the Pacific, as well as 1n Hawari. It 13
satisfytng to Lnow that one of my favorite underwater haunts, the
“ole 100ft. HOLE" will be visited by 30 many so ccafortably

The advent af Sputnik moved me from swimming pocl to a high school
classroom, whare 1 “marinatad” every biology subject I taught, with
the official bacling of the principal. 1 have been actively involved
in most high gschool marine oriented projects imtiated lecally, I'm
currantly involved i1n daevelopment of Harbor and shoraline cruises

for students and eventually, adult comtunity Qrouvps.

Introducing youngsters to the ocean world is not enough. The

adult population needs opportumitios to learn sbout their otesamic
connections toa. After all, they're vating today, and certainly
sSOome Dceanic concerns will be decided by voting i1n the near

future. Except for scuba diving, adult marine education courses are

minimal. 1 believe the Atlantis submarine expocrience will 1mitiate
demand for adult courses and field trips.

I'n certain the Atlantis Company has done 1ta homeward well, and 1
am enthusiastic about the educatienal potential of the project
far students of all ages, frcm sii to ninety sii, or more.

Thant you

s Reeter nudt hwf

rs Corothy Wendt
3697 taalua Rd #1149
Fatlux Hyy 96732

cec Atlantis Submarine Corp
ce RECDS



University of Hawaii at Manoa

Marias Optioa Program
1000 Pops Road, Room 2120 « Hozolulu, Hawaii 9222
Talepbona: (808) 0488431

03 Novesber 1987

Conmenta® on the Potential Educational Value
of the Proposed Operation of Submersibles
off Waikiki by Atlantis Submarines, Inc.

Without addressing potential environmental concerns or ocean
user conflicta, I wish to endorse the concept of operating a
submersible capable of safely carrying a number of observers
into Hawaii’s nearshore ocean. The applicant recognizes the
significant potential for developing educaticnal programs for
college and pre-college students as well as for comaunity
groups. It is commendable that the needs and concerns of
residents have been addressed in addition to the more profitable
aspects of the tourist market] a greater appreciation of the
ocean can only enhance the quality of life in Hawali. Hopefully
a tangible commitment would be evidenced by such actions am
publication of a teacher's guide and student materiala for class
tours, sponsorship of teachers® workshops, and reduced ticket
fees for classes. Beyond educational tours in the submersible,
this operation could provide an excellent opportunity for
undergraduate Univeraity of Howail Marine Option Program
students to acquire first hand ocean experience through research
projects, internships, and part time employnent. Overall I
believe this project has a balance of benefits which faver its

spproval.
nmrflasithymw..

Sherwood D. Maynarg,
Director

$This statement does not represent an endorsement by the State
of Houwaii, the University of Hawali, or the University of Hawaii

Sea Grant College Program with vhich the Marine Option Program
ie affiliated.

A purt of 1the Usiversity of Hawaii Ses Grant College Program
AN EQUAL OPPORTUNITY EMPLOYER

Testimony of Peter Hallewas, Chairman of the Maritime Affairs
Committes of the Hawai} Chamber of Commerce

1. Chairman and Members of the Board, my name 13 Peter Hallewas and |

am the Chalrman of the Maritime Affairs Committee of the Chamber of
Commerce of Hawail.

The Maritime Affairs Committee Iirst became Invoived with Atfantls in
relatien to their original proposat for site location in the area between the
entrances to Kewalo Basin and Honotulu Haroour. That site posed some
operational concerns to a humber of our members and 3 Sub Committee
was formed to work with Atiantis In identifying a site which gur members
could support.The sub commitee Included representatives of the Pilot's
Association, the United States Coast Guard, the State Harpours Division,
and the commerctal operators using the Port of Honolulu. The Committee
worked with Atlantls' operational people throughout last summer In
reviewing other options and yitimately settied upon a site location within
the area proposed in the application belore you.

At a general membership meeting held on August 12,1987 the work of the
Sub Commitee was reported to the Maritime Affairs Committee and a
resolution of the Commitee was passed endorsing the site propased in this
heartng as one “which will not interfere with existing activities™ and
passed a resolution In support of the Atlantis operation and the
responsible consideration given to safety and commercial shipping
concerns. Attached to my testimony IS 3 copy of the August 12 1987
minutes of the Maritime Affairs Committee for the record of this hearing.

Thankyou Mr Chairman.



University of Hawaii at Manoa

A Ses Grant College
Sea Grant Enlension Service
10 Pope Road, Room 205 = Honolulu, Hawan 56822
Telephone It 948-8191 = Cable Address: UNIHAW

Hovember 5, 1987

Board of Land and Natural Resources
1151 Punchbowl st.
Honolulu, HI 96813

Dear Chairman Paty and Members of the Board,

My name is Jan Auyong and I am here to testify in support
of application 2025 in the absence of Dr. Richard Brock, UH Sea
Grant Fisheries Specialist, who is out of town at the
Internatiopal Artificial Reefs Conference.

The Sea Grant Progran at the University of Hawail has long
been interested in artiticial reef development for the state of
Hawaii. We continue to support and cooperate with the
Department of Land and Watural Resources in their efforts to
perpetuate artificial reef development and deploynent as a major
form of habitat enhancement: This approach is particularly
critical in the waters off the island of Oahu which suffers the
nost of the major islands from serious stock depletion.

We are particularly supportive of the effort being made by
Atlantis Submarines to engage the University's capabilities in
yment of the artificial reefs referred to in

the environmental assessment submitted to DILNR as part of their
CDUA application, Atlantis Subparines is bresently finalizing
terms with the University for research, design, deployment and
monitoring of the proposed artificial reefs which will be wholly
funded by Atlantis, The information gathered will be made

available to the public as well as becone a welcome addition to
tha Univaersity's artificial reef research database,

We wish to note that while the state has gone on record as
strongly supporting habitat enhancement, our progress in this
area has been hampered by the lack of available resources. Ve
velcoma the opportunity to cocperate with the first private
sector financing of artificial reef research in Hawaii. We
believe this effort will greatly enhance our knowledge of
artificial reefs as applied to Havaijan waters and provide us
with valuable information which can be applied to the public
sector effort to enhance submerged habitat,

I Y e i oo GRICI SR S
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Atlantis - pg 2

I thank vyou

for the opportunity to comnment on this
propasal.

Sincerely,

Jan Auyong, Ph.D

Ocean Recreation & Tourism Speclalist
Assistant Director

cc: President Albert Simone
Dr. Richard Brock, Specialist
Dr. Bruce Miller, Director

e b



egmg S-iadl
ol L

&
Natuyrel Resources Study

PO oz 426, Grand Cayman
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Cayman Llands. WL

CAYMAR I4AXDE SOVERRUTHT . AACh Movember, 19 06,

Nr. Barcy Bellchaabars
Atlencis Submayine Led.
r.0. Bon 1 : ]
Crand Caywan

Dasr dr. Ballchembeza,

As you raquested, 1 am writing to comment an tha offeces
the Atlantis subsarine has had on the marine enviroament of Grand Cayman., The
Matursl Eessurcs Laboratery has ot conducted any specific studias e investigate
possibla impacee from the submscine. MNowever, based upon subjactive ebsazvations,
ths Atlantis has wot discurbad the reef or its spscciated erganisms in sny way.

gince ths submarins begsn epsrating in Movember 1905 steff
from tha Natural Rascurce Laboratory have poericdically ridden {n the Atlantis s
ebservers. Buserous Scubs dives have buen made in the ares in which the n..m!.n.-
cegularly éives and the subnarine has passed us undarvater while vy wvete conducting
othar studina. Fishes 4o BOC SPPear to react to the subsarine and wa have Rever
sedn tha vassel hit or break any zesf structura. After che ftrac faw dives, sedimant
displacesent appaste to have baes eliafnated by maintaining the subssrins further
aff ctha bottom in sandy oyess.

It §s wy spinton ther with continuad cauticus operatien,
the Atlancis posas mo threat to the marine 1ife of Crand Cayman. Likewiss, 1
de not think the submarise would create sny disturbance in most ether tropical
tenf environments.

Yours sincerely,

tth
Bciantific Offlcer

¢.t. Principal Bacretery (D & XN)
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April 6, 1987

Mr. Barry Bellchambers
Atlantis Submarines, Inc,
Pioneer Plaza

900 Fort Street, Suite 1777
Honolulu, Hawaii 96813

Dear Barry:

Thank you for the briefing on Atlantis Submarines Inc, and
{ts planned operations {n Hawail. Basead on our discussion,
§'m of the opinion that Atlantis Submarines is a reputable
company that will provide a new and exciting attraction for
Hawali's visltors,

it is especially comforting to krnow that Attartis has a track
record of operations in Grand Cayman and Barbados, with
glowing reports from visitors and governmeant officlals alike.

1n order for Hawaii tb remalin a world-leader in taurism

it is necessary to provide visitors with & mix of attractions
and expariences, The experiencs of viewing Hawaii’s
colorful undersea world by submarine would offar a unique
blend of 20th century adventure, enjoyment and sducation.
The thrills of Jacguas Cousteau axperianced first hand!

Certainly the Hawati Visitors Bureau would enthusiastically
welcome such an addition to our visitor industry.

Best wishes with your plans
your prograss.

leans kasp me apprisad of
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Seplember | 2th, 1986
JO_WHOM IT MAY CONCERN

TO WHOM {T MAY CONCERN_
RAFT - .GLASS ) should like to 1ake this opportunity to write in support of the
}wo,o:wn.a _&Egmo_..o— Lhe KON TIKI PARTY , .G Atlantis Submarine company which hopes to start operating in your
BOTTOM BOAT" , Grand Cayman, BW 1, 1 hereby confirm that the country in the near future.
Atlantis Submarine operation has not in any way had an adverse o
ffect tion in March 1936 the company instituted a programme 10 expose as
€llecl on our opera . many school children and their teachers as possible, to our underwater
In -mn—..ﬂmbﬁgﬂm—mwcgusnﬂm tourist atiraciion, the environment.  The programme has been extremely successful, and
; i i inati has made a valuable contribution 1o the teaching of marine conservation.
oﬁmﬂm.:ob oD?m.D.oo% the istand as a tourist n.?ﬂ.-bm:o: nD.n— 901@3\ The students enjoyed themselves immensely and their experience
benelits are realized by the overall Caymanian community. has been positively rellected in their writing and drawing on the

importance of our marine environment.

Mike Henderson
_,___E-bmm J Basdeo
WMNO.—”N Tours F__.-Q. n_:”_ Education Officer
IB/ms '
Y A A S A G T SUN S S [ e A T T S



809-947-4224
717-346-6382
800-458-1708

surfside waltersports Itd.

14 September 1986

RE: ATLANTIS SUBHMARINE CAYHAN OPERATION

To Whom It May It May Concern:

As one of the larger scuba diving and watersports operations
in the caribbean, we are very aware of the lmpact which varjious
attractions have on an operation such as ours. We have found
that the additicn of the Atlantis Submarine ride has enhanced
gur business in a number of ways. 1In addition to being an
attraction for the island itself, we have found that individuals
who have taken the trip have an increased desire to participate
in other activities which we offer, such as scuba diving, snork-
eling, glaas bottom boat trips, etc. The submarine ride tends
to wet the tourists appitite and is most certainly a memory
which they take with them from the island. I am certain that
the tourists tell their friends about the ride and that may
be the little «dge which makes them select Cayman rather than
somewhere slas for their vacation. This increased exposure
is most certainly an asset to the island tourism trade.

I dc strongly recommend the addition of such an attraction

to any island. I can attest that their impact has baen a positive
one from our point of view.

m:.n“.u\g

eph P. Donahue

rector
USR Sales Ofice PO.
330 5 Maln Avenve oauwmwnhm”

Scronton. PR 18504 Battish West lndhes

THE FOLLOWING B
AHNOULD BE SUOTED IN ANY REFLY.

DEPARTMENT OF TOURISM

Government Administration Building
Grand Cayman
Cayman [slands, B.W.1.

AENCE MUMASR

Telephone : 97900

September 15%th, 1986,

Barbados Board of Touriam,
Covernment of Barbadon,
Harbour Road,

Bridgetown, St. Michael,
Barbados.

Dear Sirs:

We understand that Sub Aquatics Development Corp., of Canada, 1is
considering Barbados as the location for its second recreational
submarine, Atlantis II, when it 18 no longer required at Expo *B85,

Aa Atlantis has been operating here in Grand Cayman for the past
ten months, [ would like to make you aware of the responsc to
this operation.

First, as a tourist attraction, the general response to the concept -
the ability to experience the underwater world in an air-conditioned,
spacious, high-tech vehicle - has been extremely positive, and the
Department has been using Atlantia as a very effective marketing
tool. Second, as a tourist operation, our visitora are greatly
impressed by the quality of the expedition and professionalisa of

the personnel. And last, as a local corporation, Atlantis has
proven to be an asset to the community by asaisting in charitable
functions, fund raisings and promotions, as well as providing a
marine life educational program for all students.

The Cayman Islands have greatly benefitted from being chosen as the
location for Atlantis I. 1 belleve that an Atlantis Submarine
operation 11 enhance a country as a touriat destination.

Sin

r¥c Befgstrom, M.B.E.,
Director of Tourism.
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JOHN WAIHEE
- GOVERNOR
‘;}‘X ROGER A. ULYELING

J’ DRECTOR

DEPARTMENT OF PLANNING MURRAY £ TOWIL

} —

KAMAMALL) BULDING, 250 SOUTH KING ST, HONOWLL, HAWAN DSOS
MAILING ADDRESS: PO BOX 2359 HONCAULU, HANAN S804 « TELEX 2430250 HIDPED BUSINESS AND INDUSTRY DEVELGPMENT DIVISION

/) AND ECONOMIC DEVELOPMENT wavon S

ENERGY DWVISION
104 Mecron S Room 1€ Ferokas Howo- 2813

FOREVGMN-TRADE 20NE DIVISION
- Por T monoas: Feom 083
Ref. No. P-6566 LAND USE DIVISION
— PLANNING DIVISION
- I e 15 1987 RESEARCH AND ECONOMIC ANALYSIS DIVISION
-~ ]

CHICES
ADMINISTRATIVE SERVICES OFFICE
INFORMATION OFICE

Mr. FEric B. Guinther
AECOS Inc.
- 970 North Kalaheo Avenue
: Suite A300
Kailua, Hawaii 96734

Dear Mr. Guinther:

Subject: Hawaii Coastal Zone Management (CZM) Program Federal
Consistency, Atlantis Submarine Tour Operation, Kakaako
and Keehi Lagoon, Honolulu (FC/87-024)

This is to inform you that we have reviewed your amended assessment
of the subject activity's consistency with the Hawaii CZM Program and concur
with your finding that it is consistent. By copy of this letter, we are
, informing the U.S. Army Corps of Engineers that CZM consistency review
.-J requirements have been met.

- In conducting our review, we were concerned with the potential
coastal hazard impacts of the proposed artificial reef. We understand that
the reef has been redesigned to reduce potential movement from storm waves
— and, as a result, will reduce its potential as a coastal hazard.

— our finding of consistency does not preclude your compliance with
any regulations administered by the State Departments of Health,
Transportation, and Land and Natural Resources. We appreciate your

- cooperation in complying with our CZM program consistency requirements.

- Sincerely,

X ) = —
R 4 . (
AT . rd fs_L”,..»L.

S '
o Roger A/ Ulveling

: cc: U.S. Army Corps of Engineers
— Department of Transportation, Harbors Division
Department of Health
Department of Land and Natural Resources
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CEPARTMENT OF THANSPORTATION SERVICES
. CITY AND COUNTY OF HONOLULU

HOROLULU MURICIPAL BUILOING
650 SOUTH KING STREET

HOMOLULLY Hamain ogd1d

FOril § raNTlm
wacrea

JOREPm & MAGALDH IR
Srats bertroe

PL1.0B26

TE-8689

November 6, 19B7

Mr. William W, Paty, Chairman

Board of Land and Matural Resources

Office of Conservation and
Environmental Affairs

1151 pPunchbowl Street, Room 131

Honolulu, Hawaii 96813

Attention: Mr. Dean Uchida
Dear Chairman Paty:

Subject: Operation of Submersibles in the Waters off Waikiki
Draft EIS i

This is in response to OEQC's letter of October 7, 1987.
We have reviewed the draft EIS and have the following concerns:

1. Busses transporting the passengers should load and
unload in an area where normal traffic would not be
affected; and

2. Passengers waiting to be picked up must not obstruct any
public sidewalk area.

Should you have any questions, please call Wayne MNakamoto of my
staff at 523-4190.

Sincerely,

LT ol }
HN IRTEN

cc: Mr. Eric B. Guinther

I e e T AR A S ¥ R T ket - e A - g i s

AECOS

VAN Katatmss Avs e, Sany A €0 o

Kanbua, Ha w7
Tehphone  tami 241 hesg e s

Novenber 30, 1987

Departmant of Trancportation Services
City and County of Honolulu

Honolulu Hunicipal Building

650 South King Street

Honolulu, Hawvaii 96813

Attn: John E. Hirten, Director

Dear Mr. Hirten,

Thank you for your comments on the draft EIS for the Opera-
tion of Submersibles in the Waters off Waikiki. Atlantis will
comply with your suggestions regarding loading and unloading of
passengers from buses. Atlantis anticipates that if mass
transport {buses) is used for their project, they would contract
with an existing bus company for this service.

Eric B., n:»A

Al

¢cc: DLNR



WAIKIKI REIGHIORHOOD BCARD KO, 8
/s HEIGHROAHGCD COMMISZION 0P PICE
CITY HALL, 4TH FLOOR
HOMNOLULY, HAWAI 80913-2014

5 November 1987

llon. Williem W. Paty, Chairperson

and Hembers
Board of Land and Natural Resourcea
Stele of Havail
Kilanimoku Building, 1151 Punchbowl St.
Honolulu, llewalii .96813

Desr Cheirperson Paly and Board Meshers:

The Wajkikl Nelohborhood Board eppreclates having received from your
office a copy of the draft Environments] Ispect Stotement on the proposed
Atlantis Svbmarine public stiraction in the waters offshore of Waikiki, and
we gppreciate the invitation, in your letter of 19 October 1987, to testily
before the Ooard of Lend end Nalural Resources on Allentis Submarine's Con-
servation Use Applicetion No. UA-3/7/87-2025.

Ingsmuch ae the dreft Envirormentsl Impect Statement has not yet been
sccepted, end considering certain unresolved questions on matters under the
purview of the U.5, Cosat Guard and the U.S. Army Corps of [ngineers (e.g.,
regarding the safety of the proposed trensfer of passengers from o trensfer
boat to & mooring platfors and 1len Lo Hwe submorine, and regarding the pro-
pozed mooring platform itself), the Weikiki Neighborhood Boord Gelieves Lhat
it would be presature for the Nelohborhood Doatrd to of fer substantive comments
or @ delinitive recomsendation on the Conservetion District Use Applivation
st this time.

TIE WALKIK] NEIGIGURHOOD BOARD

mnx Denton, Cheirperson

AR & PUEUNOTD
Acting Executive Director

STATR OF HAWAM
Department of Business and Economic Development " AT
Housing Finance and Development Corporation
(- R o
VORDRAALL WhEAN BodiE
87:PING/48143T

Novamber &, 1987

Mr. William W. Paty, Chairman
Board of Land and Natural Resources

Office of Conservation and Environmental Af i
1151 Punchbowl Strast, Room 131 falrs
Honolulu, Hawaii 96813

Attention: Mr. Dean Uchida
Daar Mr. Uchida:

Re: Draft Environmantal Impact Statemsnt (dEIS8) for
tha Oparation of Submarsibles as a Public
Attraction on the Waters Off Waikiki

Thank you for the opportunity to reviaw th
We hava no comments at Em_.. n»l-« sview ® subject dEls.

Sincarely, .

L

senidass o Tebsna,

¢ RUSSELL H. FUKIMOTD
Acting Executive Diraector

cc: ef. Eric B. Guinthar
AECOS Inc.

RECEvED NGV § 2 195y
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DEPARTHMEHRT OF GENERAL PLANNING

CITY AND COUNTY OF HONOLULUY

10 30UTH RING §
FOROLULY wams

DOMSLD & CLlBG
Qg3 Py snnng DI L0

GEhE COMMELL
LT L T ST T

MM/DGP 11/87-3777

Noveamber 12, 1987

District Engineer (PODCO-0)

U.5. Army Corps of Engineers
Bullding 230

Fort Shafter, Hawall 96858

Dear District Englineer:
Application for Department of the Army Parmit

Atlantis Submarines, Inc.,
for Commercial Submacine Tour Operatio

This ie in response to your request for comments regarding
the application identified above.

The Developrment Plan for the Primary Urban Center
designates submerged aceag at Keehi, off Kakaako and off
Waikikl for Preservation use. The Aloha Tower atea is
decignated for Commercial use.

Our major concern regarding this proposal ie its location.
For example, the dive site utilizes an area that is heavily
used by sunset crulisers, sall boat races, day salling,
pata-sailing, diving. trolling, ete. The ilmpact of the
operation on these uses should be carefully considered before a
decislon ie made on the application. 1t may be appropriate to
contact sucfing, fishing, and boating ocganizations for their
comments.

We are aleo concerned about mooring locations which have
yet to be determined. Previous plans submitted by Atlantis
Submacine indicated platfors mooring that would have displaced
boats utilizing an anchotage area in Keehi Lagoon.

The idea of a commercial submarine tour operation that
would enhance our natural reefs has considerable meritr provided
that negative impacts on salling. fishing., cruieing, ana
surfing operations can be minimized.

NALD A. CLEGG
Chief Planning Officer

O U e T I i {

AECOS

BN Kalatuar Auvtune, Sentee At .

R aw 7
Tehgsluan inwes o4y [y whis Hawan o7 1l

Decanber 2, 1987

Department of General Planning
Ccity and County of Honolulu
630 So. Xing Streot

Honolulu, Hawaii 96813

Attn: Donald Clegg, Chief Planning Officer

Dear Mr. Clegg,

The draft EIS does address the use of the proposed dive site
off Waikiki by others and includes on-site w=ﬂ<w<nv0n boat traf-
fic in several areas off Honolulu and Waikiki. & number of or-
ganization involved in sailing, fishing, and other recreational
activities have participated in discussions with Atlantis and
testified before the Land Board on November 5, 13B7.

The Environmental Assessment for the project and the draft

EIS have not indicated any specific location for a mooring sought
in Xeehi Lagoon, stating that the location would be dependent
upen assignnent made by the Harbors Division of the Department of
Transportation. It would seem unlikely that the mooring would
displace anyone presently assigned an anchorage in the Lagoon.
Atlantis would prefer to locate in Honolulu Harbor if and when
space for their operation becomes available there.

Thank you for responding to the Arey's regquest for comments
on the Atlantis permit application.

ein @ +r.r

Eric B. GuintiT

cc: U.5. Army Corps of Engineers
DLHR
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West Diamond Head Community Asscciation

Mr. William Paty, Chairman 3015 Kalakaua Ave., Apt. 802

Department of Land and Netural Resources Honolulu, Havaii 96815
P.0. Box 621 .
Honolulu, Hawaii, 96813 ATLANTIS SUBMARINE OPERATION Attn: David S. Sterrett, President

Dear Hr. Patry,

Dear ¥r. Sterrett,
There are ssveral questions that deserve to be ansvered

Thig letter is in response to your questions regarding the
”nnoMMn”mw”m“”p mmow“uu"”nw”“ nﬂwcﬂnmn”n““nw”w““u“mnzm“mmuww”” off proposed Atlantis Submarine Operation off Waikiki. You indicate
" * that the presence of the operation will preclude sharing of the
use" . area. To the extent that only a finite number of boats can oc-
cupy a given limited area of water, this may be true. However,
While it is recognized thet applicent has retracted the dive site described in the dEIS for the
project would not be
the request for exclusive use, it 15 true that his equipment will fully occupled by the submersible or ancillary craft. Thus,
occupy the site from an early hour to a lste hour, resulting in 8 others will be able to use this area
"] was here first™ position of occupancy. Any casual user will *
be hard pressed to share the use of this area once the operation Some of the races you mention do not involve waters near the
begins. proposed dive site. The roughwater swim, for example is uwnMﬂ
cne-half of a mile inshore of the dive area. Atlantis has dis-
11 et L e e o veralent battery charae and Cuead tnelr prodact Mith mome oL e S Caauet & corurin amount
ese ers. use © nee conduc a
"”“”wu”“u”omo men"c"ﬂ”n—ﬂ”nmnwuu”“nv“"nm”mnnnouan»wnnmmow s“wnu of crew training dives and the like, the submersible will not be
from the dive site to uow:» Lagoon. They can't mon there, moor conducting tours every day of the year, Flexibility in the tour
and hook up to charge batteries vanqu 2400. They need m.:ecqa.no unsancwm vill permit Atlantis to avold interference vith major
recharge the submarine battery. Then another 2 hour tow to Feturn compunity events.
to the diye wire and b e ot hert ) Dapest ihe opirators. The prefarced appronch to subsersible systens recharging and
vill elect to recharge right vhere they ore, without the long tow maintenance is to utilize a shore-based Munuu nﬂwnvnnmsnn sm er-
to Xeehi Legoon, unless you require thes to vacste the moor for QWMMMMuM“MRWMM”ﬂ.nMM" ﬂwanmow”MWuﬂmwnoﬂ 11 continue to seek P
at least 6 hours each night. Without that requirement, they really ® P *

vill have "exclusive use”.

I trust the above answers your concerns about the proposed
Assuming a "shared use" concept, will fishermen and plessure project. Thank you for providing input to the EIS process.
bosts be permitted to mnchor in the area of operations? Or will N

they be required to keep clear ot sll times? What about the rough in nnoumﬁ”v \
water svim, the paddle board,. kaysk and canoe races which pasa iy
directly through the operating srea? ~ ‘ . .AAA

e B. Guinther
1 will appreclate learning the snsvers to these questions, Eri uinth

gw.g Sincerely, cc: DLNR

David S. Sterrett

President FRV
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APPENDIX B

Biological Assessment of a Site Proposed for Habitat
Enhancement Offshore of Waikiki, Oahu.

Section 1. Introductory Information

By
Dr. Richard E. Brock
Environmental Assessment Co.
1804 Paula Drive
Honolulu, Hawaii 96816

September, 1987



PREFACE AND STATEMENT OF PURPOSE

This report has been assembled in response to a permit
application to develop and deploy an artificial reef in the
nearshore waters offshore of Waikiki, Oahu as a submarine dive
tour destination. This document addresses the general question
of "what impact(s) does the deployment of a high tech artificial
reef have on the surrounding fishery resources of a given local-
ity?" To answer this question, I draw on information being
generated by my ongoing research and that of others; thus con-
clusions are based on less than a full complement of data and the
reader should recognize this shortcoming at the onset. T only
address the question of local enhancement of fish resources;
nowhere in the recommended designs do I consider any liability
that could be incurred in building, deploying or utilizing these
proposed structures underwater. I have left such considerations
to others.

Much of the introductory information given below has ap-
peared under my authorship in the scientific and popular literat-
ure. These sources include Brock and Buckley (1984), Brock et
al. (1985) and Brock and Norris (1986). Other literature sources
that provide general information on designed artificial reefs
includes Mottet (1985), Grove and Sonu {(1985) and D’Itri (1985).

This section first presents some general information on how
coral reefs function, then covers degradative forces that act on
natural reefs and introduces the concept of artificial reefs as
mitigative tools to this degradation. A short description of
Japanese artificial reef technology is given and is followed by
an outline of artificial reef development in Hawaii. I conclude
this section with a discussion of the impact of artificial reefs
on natural reef communities; this discussion draws on the infor-
mation presented above,

INTRODUCTION

Coral reefs have attracted the attention of researchers
since the time of Darwin yet quantitative studies of reef struct-
ure and function have appeared in the literature only in the last
30 years. World reef fisheries potential have been estimated at
6 x 1079 kg/yr (Smith 1978). This amounts to about 9 percent of
the world’s total fisheries landings. The importance of coral
reef fisheries is particularly evident in many tropical insular
areas where reefs supply much of the protein consumed:; and due to
the labor intensive methods of harvest, the fisheries may employ

1



a2 large segment of the population. However, many of these fish-
eries are declining (Saila and Roedel 1979, Johannes 1981).

Declines in coral reef fisheries are due to a multitude of
factors including overfishing, pollution and the dredging and
infilling of reefs. Many aspects of these changes are beyond the
Scope of this report (e.g., the impact of western values and cash
économy on tropical insular cultures or damage to reefs due to
storms and will not be pursued here. Irrespective of the causal
factor, man and his activities are responsible for many declines
in reef fisheries.

Hawaiian coral reefs have suffered numerous perturbations
including nutrient loading and pollution, runoff, infilling of
shallow hursery grounds, dredging of harbors, and the intro-
duction of exotic species. Population growth and technology have
allowed high fishing pressure to occur, and have given the fish-
erman the capability to effectively exploit many coral reef fish
species through their entire vertical range. In recent years the

One of the trends apparent in Hawaii is the increasing
utilization of inshore fishery resources by recreationally orien-
ted users. Not only does the increasing number of registered

of inshore fishery resources are of greater value than tradition-
al commercial exploitation. A recent study conducted by the NMFs
(Honolulu Laboratory) concluded that Hawaiian recreational fish-
ing produces some 4545 metric tons of fish per Year. The value
of this mixed (i.e., inshore and Pelagic) fishery is estimated at
$239 million.

Traditional methods of management in Hawaii disappeared long
ago (Titcomb 1952; Kosaki 1954). Applying modern management
techniques to these fisheries is difficult; catch and effort data
are lacking and the multitude of species exploited complicates
the matter. As a result inshore fisheries in Hawaii and many
other geographical localities are stagnant or diminishing (Johan-
nes 1978). There are numerous problems to the rational manage-
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ment of these resources and a much better understanding of coral
reef ecosystems is needed if they are to remain viable in the
present cultural context (Bevan et al. 1979, Johannes 1981).

Yields of finfish from reef ecosystems have been summarized
(Stevenson and Marshall 1974; Munro 1978, Stevenson 1979, Brock
et al. 1979) and range from 2 to about 4.5 tons/km~2/yr. Local-
ized and intensive gleaning on American Samoan reefs yield up to
27 tons/km~2/yr (Wass, in preparation). Such high yields are not
representative of production over large areas for they do not
include adjacent deeper waters from which there is considerable
recruitment and little fishing.

Coral reefs function as relatively closed systems and thus
in the pristine situation may represent the accumulation of
carbon over a considerable period of time (Johannes et al. 1972).
Much of this is tied up in the living biomass of the reef of
which fishes are only a part. Gecldman and Talbot (1975) have
suggested that a reasonable maximum biomass of coral reef fish is
approximately 2,000 kg/ha. Space and cover are important agents
governing the distribution of coral reef fishes (Sale 1977).
Similarly the standing crop of fishes on a reef is correlated
with the degree of vertical relief of the substratum. Thus Brock
(1954) using visual techniques on Hawaiian reefs estimated the
standing crop of fishes to range from 40 kg/ha on sand flats to a
maximum of 1,860 kg/ha in an area of considerable vertical
relief.

The large variation seen in standing crop of fishes on coral
reefs is tied to the structural diversity of the habitat (Risk
1972). If structural diversity, hence fish biomass, are low in a
given locality, the addition of structural relief in the form of
artificial reefs usually results in an increase in the biomass of
fish. Construction of artificial reefs may be viewed as attempts
to replicate naturally productive habitats in relatively unpro-
ductive locations. Artificial reefs lead to an increase in the
amount of productive habitat in both temperate and tropical
marine communities. It has been proven that this technology
provides more fish and artificial structures have been used by
Japan, the United States, and other fishing nations for more than
200 years (Sheehy 1982a). Historical accounts and literature
reviews concerning the development of artificial reefs in Japan
and the United States are covered elsewhere (Iwasaki 1973,
Steimle and Stone 1973, Stanton 1985).

Until recently the technology of artificial reefs in the
U.S. utilized scrap materials that were often indiscriminately
dumped at sea. In many cases the primary justification for
artificial reef construction was perceived and promoted as the
disposal of wastes rather than as a resource enhancement tool
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(Buckley 1982). Reefs thus built provided some habitat im-
Provement and increased fishery yields in otherwise barren areas,
but the shapes, size, long-term physical stability, ang biolog-
ical productivity afforded by use of such materials are less than
ideal.(Sheehy 1982b}). Clearly, artificial reefs have a secondary

ARTIFICIAL REEEFS IN JAPAN

Japan is a nation heavily dependent on the sea for food
production and has historically sought ways to improve its fish-
eries. These efforts have resulted in fishing and agquaculture
industries which rank the highest in the world in terms of value
and governmental support (Mottet 1985), The Japanese government
instituted a national coastal fisheries Program in response to
the 1973 oil crisis, the growing impact of the 200-mile extended
jurisdiction statutes, and to development~related coastal envi-
ronmental degradation. Since 1976 artificial reef programs in
Japan have received federal subsidies of about $100 million per

of fishery products annually (Mottet 1985), This large undertak-
ing by the government, universities, ang private industry has
resulted in dramatic new developments in reef module designs.

Meodern modules used in Japanese artificial reef structures
are engineered for stability, durability, and economy, and they
are designed for biological effectiveness. Chambered structures
that increase the complexity of the local habitat emphasize
vertical relief for the attraction of fish. Artificial reefs
built with chambered structures have proporticnally more void
Space (70 to 98 percent) relative to exposed surface area permit-
ting the construction of large module units with a minimum of
material. Many chambered designs are usually placed in deeper,

Among the more intriguing designs for chambered structures
are those built of fiberglass reinforced Plastic (FRP modules).

cylinders that typically may be 1.5 x 7 m in dimensions. Cylin-
ders are strapped together forming reef modules. Concrete poured
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into the base lends stability to the unit and the entire module
is assembled on land, then floated and towed to the artificial
reef site, and deployed with reusable air lift bags. Fiberglass
reinforced plastic is expensive, however its strength permits the
building of large units that are relatively inexpensive to deploy
(Mottet 1985).

One of the most popular module designs in Japan are concrete
"dice blocks." These are open framework cubes made of concrete;
they have considerable void space. Their simplicity in design
makes them easy to construct and their weight lends high stabil-
ity to the design. Dice blocks are popular and are used in many
artificial reefs; they were among the first designs to be sanc-
tioned by the government (Mottet 1985). Government approved
designs must meet a number of criteria: 30 Year life expectancy,
reasonable cost, non-polluting, biological effectiveness and low
breakage rate on deployment. Dice blocks have been used in
government sponsored reefs since 1954.

Studies conducted in Japan on the effectiveness of arti-
ficial reefs show that catches range from 0.2 to 113 kg/m~3 of
enclosed space (Miyazaki and Sawada 1978). Small 1 to 2 m~3
chamber modules average about 20 kg/m*3 (Mottet 1985). Sato
(1985) calculated that a break even yield on Japanese artificial
reefs is about 12 kg/m~3 (this is with many assumptions). Catches
will vary on reefs according to fishing strategy (Mottet 1985),
module design utilized, management techniques employed and ob-
viously by the fauna (temperate or tropical).

It is not known whether the Japanese research efforts have
been adequate to justify the large scale marine enhancement
program undertaken by them or that these efforts will be able to
predict any long-term ecosystem effects of such an endeavor
(Nakamura 1985). The fact that these projects are funded sug-
gests that Japan is determined to increase its own fisheries
production so that it will have less dependence on the fishery
resources in the 200-mile economic zones of other nations (Mottet
1985). In any case, Japan’s concentration on utilizing a variety
of designed and fabricated artificial reef modules in preference
to dumping less effective and less stable scrap materials has
resulted in a wealth of information of considerable potential for
application in U.S. fisheries (Sheehy 1982a). The current trans-
fer of this technology into the U.S. through the National Marine
Fisheries Service Saltonstall-Kennedy Fishery Development grant
program has led to successful demonstration projects using Japan-
ese FRP modules off Florida (Sheehy 1982b) and Hawaii, and con-
crete dice block in Hawaii (Brock and Norris 1986).



EARLY ARTIFICIAL REEFS IN HAWAIIL

In response to declining inshore fishery resources the
Hawaii Division of Aquatic Resources (formerly pivision of Fish
and Game) undertook preliminary artificial reef studies in 1957.
These studies suggested that 2 reascnable increase in the stand-
ing crop of fishes could be achieved by the placement of artifi-
cial shelters in otherwise barren habitats. Subsequently, three
areas around Oahu and one on Maui were designated as artificial
reef sites and scrap materials were used in the construction of
artificial reefs at these sites (Kanayama and Onizuka 1973).

on Oahu the Maunalua Bay Artificial Reef was initiated in
1961. During a l2-year period this reef received almost 1,600
stripped car podies and 2,116 metric tons of damaged concrete
pipe placed at depths from 25 to 30 m. The Waianae Artificial
Reef off leeward 0ahu was started in 1963 and over the next 9
years received 94 car bodies, 3,802 metric tons of concrete pipe,
about 100 cement-filled tires, and a 52 m barge (623 metric
tons). In 1982 a 50 m ship was scuttled at the site. These
materials were dropped in waters from 9 to 37 m in depth. Recent
SCUBA surveys at the Waianae and Maunalua Bay sites show that
many of the concrete pipes have been widely dispersed due to
currents and wave action. The Kualoa artificial Reef is located
in a 4.1 km band paralleling the shore at Kaaawa, Oahu, in water
from 18 to 30 m in depth. This reef was established in 1972 with
dumping of 342 car podies. Surveys conducted 6 months after
deployment showed that the car bodies had disappeared into deeper
waters probably due to strong currents (Kanayama and Onizuka,
1973). The artificial reef off Maui was established in August
1962 with the placement of 150 car bodies in 24 to 26 m of water
at Keawakapu. Neither the Kualoa or Keawakapu artificial reef
sites have received any additional reef materials; thus only two
of the sanctioned sites are in regular use today.

Assessment of Hawaiian artificial reefs was made by Kanayama
and Onizuka (1973) and McVey (1971). The enhancement effects as
measured by the increase in biomass of fish present following
reef deployment showed large increases; Kanayama and oOnizuka
(1273) found a mean increase in standing crop from 10.9 to 110.7
kg/ha. At Maunalua Bay pre—deployment inventories noted a stan-
ding crop of 7 kg/ha. Following reef deployment the biomass was
154 kg/ha. Brock (unpublished) sampled the scattered concrete
pipes at the Maunalua Bay site in 1986 and found a standing crop
of fishes of 240 kg/ha suggesting a long-term stability to the
enhancement. However, only a very small part of the original
reef remained; additionally, not all of the biomass measured in
these studies is made Up of desirable or culturally acceptable
species; Brock (unpublished) noted in his study that only 20
percent of the standing crop were species of commercial or rec-
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reational importance.

These early efforts at establishing artificial reefs in
Hawaii used the technology then available as did other reef
programs in the U.S. Initially these reefs worked well, but over
a2 long period of time they have proved to be relatively poor fish
attractants because of the common practice of using unmodified
scrap materials (here car bodies and coencrete pipe) that are just
dumped at sea.

The resulting reefs have had low profiles, little refuge
Space, poor stability characteristics (pipes roll and crush ben-
thic organisms), and short life expectancies. If they remain in
one location, car bodies usually corrode away in 3 to 5 years
(shepard 1974). The lack of stability in the materials used
means that benthic communities which serve as a food source to
many fish cannot become permanently established. The lack of
refuge space provided by the materials used allows spear and net
fishermen to overexploit resident fishes; the absence of adequate
topographical relief, translates into less than maximal enhance-
ment.

RECENT ARTIFICIAL REEF ACTIVITIES IN HAWAII

The State Divisjion of Aquatic Resources (DAR) has in recent
years developed a multifaceted program for the enhancement of
inshore fisheries; artificial reefs are a major part of their
program. Other aspects include improvement of fishery regqulat
ions, better enforcement, and updating the State Fishery Develop-
ment Plan. The State artificial reef program continues to deploy
materials of opportunity in two sites, Maunalua Bay and Pokai
Bay. Recent deployments include surplus barges and experimental
deployments of midwater fish attractors. In 1986 the state
legislature appropriated funds for the development of a new
artificial reef offshore of Ewa Beach. This reef is to be con-
structed of boulders from sugar cane fields and possible graded
concrete rubble from the demolition of buildings. The approved
site is in 50 to 80 m of water thus the reef will target bottom-
fish.

Only in the last 5 or 6 years have western fishery biolo-
gists become aware of the artificial reef technology developed in
Japan over the last 50 years. About 1982 preliminary studies on
the feasibility of transferring the Japanese technology commenced
in Hawaii with projects carried out by three agencies, the NMFS,
the State DAR and the University of Hawaii.

The NMFS is exploring the direct transfer of Japanese tech-
nology by utilizing an artificial reef module designed and fab-
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ricated in Japan. The design chosen is the fiberglass reinforced
plastic (FRP) module; a single unit was purchased in Japan (at a
cost of about $10,000) and was deployed in 117 m of water on
Penguin Bank in October 1985. The reef has been monitored by Dr.
J. Polovina using a submarine; in the May 1986 survey he found 17
species of fish on the reef (Honolulu Star Bulletin, 28 August -
1986). No standing crop estimates are presently available but
photographs taken from the submarine suggest that the module is

providing appropriate habitat for adult fishes. -

The State DAR initiated a program to produce a low cost,
highly stable module design in 1985. This design utilizes 6 to 8
scrap automobile tires placed side by side forming a tunnel which
is embedded in a concrete base (6’x 2’x 1’). Approximately 20
units were deployed in the Maunalua Bay site at a depth of 20 m
in September 1985. Brock (unpublished) sampled these modules in -
March 1986 using visual census techniques and found a mean stand-
ing crop of fish at 61 g/m*"2. A second drop of about 35 modules
was made at the same location in mid-1986; we have no fishery -
enhancement data from this expanded reef. The DAR must have
sufficient information on the effectiveness of the design for
they have embarked on an ambitious program of building, stockpil-
ing and deploying these modules in Oahu locations.

The University of Hawaii artificial reef research program
commenced in 1983 with state funding to make a preliminary -
assessment of the feasibility of transferring Japanese artificial
reef technology to Hawaiian reef habitats. The prellmlnary
results were encouraging and further funding was made available
through federal sources. These monies were used to design,
build, deploy and monitor a small experimental Japanese style
artificial reef. An open framework steel reinforced concrete
cube module design was selected in this study. The design was
modified from the Japanese dice block; modules were designed (1)
to remain stable in hlgh energy environmental conditions which
are prevalent in Hawaiian waters, {2) to meet the biological
requirements for the enhancement of a wide range of local fishes
and (3) to appropriately interface with prevailing fishing tech-
niques. Modules were 1.2m on a side and weighed up to 1140 kg
(there were 3 minor design variations).

Forty-two modules were deployed in September 1985 in the
Maunalua Bay Artificial Reef site. Once deployed the modules
were assembled on the bottom into a reef covering 60 m~2 and
enclosing a bulk volume of 70 m*3 Over the first 10 months the
fish community on the experimental artificial reef attained a
maximum standing crop of 2700 g/m*2 with persistent heavy
fishing pressure commencing after the first 180 days following
deployment, the reef has maintained a standing crop of 1400 g/m~2
or a biomass about 7 times greater than the most productive
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natural reefs. Fully 85 percent of this standing crop is com-
prised of commercially valuable fish species in sizes appropriate
for market. By contrast in a nearby natural reef control area,
the mean biomass of fish during this period of time has been 53
g/m~2. Prior to reef deployment the mean standing crop of fish at
the deployment site was 61 g/m~2.

Besides the local enhancement of adult stocks, the exper-
imental reef has been the site of enhanced juvenile fish recruit-
ment relative to adjacent natural reef area. Recruitment rates
to the artificial reef have been-several times greater than on
natural surrounding reefs but many of these newly recruited
juveniles have rapidly disappeared presumably due to intense
predation by resident adults because of the lack of adequate
shelter and refuge space for the juveniles. It should be remem-
bered that this reef was designed and built to target adult fish
and not juveniles.

HOW ARTIFICIAL REEFS WORK

As stated previously artificial reefs may be viewed as
attempts to replicate naturally productive habitats in relatively
unproductive locations. The use of artificial reefs then is
predicated on the premise that their deployment leads to an
increase in the amount of productive habitat. Given that their
deployment usually results in dramatic local increases in fishery
resources, dogma states that artificial reefs "work."

A major issue to persist from early applications of artifi-
cial reef enhancement to more recent projects has centered around
the question of whether the reefs add to the production of fish
resources, or simply aggregate stocks from surrounding areas. A
number of studies suggests that artificial reefs do both as an
integral part of fishery enhancement (Ogawa 1979, Stone et al.
1979, Buckley 1982, Buckley and Hueckel 1985). The current
status of the question was well summarized by Sheehy (1982a, p.
vi): "Although most American reef researchers continue to debate
whether artificial reefs actually increase productivity or merely
attract and concentrate organisms from surrounding areas, Japan-
ese scientists generally have little doubt that artificial reefs
when properly designed, sited, and placed, can be used to in-
crease the production of desired species."

The production versus aggregation question can be examined
using the data from the concrete cube open framework module reef
in Maunalua Bay. Within 180 days this reef had attained a stand-
ing crop about 14 times greater than most productive natural
reefs known to man. Most of the fishes on the reef were adults
or subadults. Clearly the reef during this period was aggregat-
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ing fishes that came from elsewhere. Through data collected from

weekly visual censuses there was no evidence to suggest that the —
experimental reef had drawn any fish from the nearby natural
control reef; recruits had come from elsewhere. The resident
fishes to the newly constructed reef appeared to have consider-
able site fidelity suggesting that the reef was providing necess-
ary shelter and the surrcunding "open" substratum (i.e., with low
coral coverage) served as appropriate forage grounds for the
fishes. This period of exponential growth in biomass is probably —

Suggests for many inshore fish species that, as adults are con-
sidered as sedentary, may have some proportion of their populat-
ion that is constantly migratory seeking appropriate habitat.
Thus the addition of habitat may serve to locally increase the
carrying capacity of the environment.

The phase of rapid growth in the Maunalua Bay experimental
artificial reef fish community was arrested when fishermen "dis-
covered" the reef and commenced fishing it, Popularity of the
reef as a productive fishing location grew and by 200 days after
deployment fishermen were using traps, spears, nets and "Clorox"
to make their catches. The impact of fishermen has manifested
itself with a lower overall standing crop of fishes on the
experimental reef but it has been maintained at a level about 5
to 7 times greater than the most productive natural reefs, The

The Maunalua Bay experimental open framework concrete cube
reef was deployed in September 1985 thus the fish community of
the reef is in the Preliminary stages of succession. Studies of

stages are characterized by a rapid growth in biomass. Obviously
recently deployed reef materials do not provide the food resource
base needed to support the recruiting fishes; it merely serves as
a source of shelter for fishes that must feed elsewhere.

Published information on Japanese reefs (e.g., Sato 1985)
show a similar fish community response (e.gq. rapid increase in
biomass) to deployed materials (Figure 3). Japanese researchers
note first a period of exponential growth, an asymptote, and then

Figure 3). The standing crop in the latter phase suggests that
the artificial reef may be self-supporting; prior to this point
it probably is not. Thus considerable time is needed for arti-
ficial reefs (or any man-made object deployed in shallow waters)
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to develop the complexity of food webs needed to support a given
standing crop of fish. Nowhere, however, have researchers quant-
itatively documented these changes probably because the cycle
takes 20 or more years to complete.

The qualitative observation that an artificial reef takes
years to attain self-sufficiency suggests that prior to that
time, the reef only aggregates fish and does not contribute to
the overall productivity of the area. This argument is not
correct. The deployment of an artificial reef which provides
shelter in an area of low cover allows immigrant adult fish to
more fully exploit food resources in the area surrounding the
reef. The immigration of these fishes from areas removed from
the artificial reef allows other fish to take up residence in the
previously vacated sites. If this scenario is correct, then
appropriate shelter rather than food resources may be the limit
ing resource for many Hawaiian reef fish communities. If
correct, the addition of shelter in the form of reefs will in-
crease the productivity of an area.

In summary, there is circumstantial evidence to suggest that
if properly sited, artificial reefs do enhance local fishery
stocks. This enhancement occurs because these systems are prob-
ably shelter limited rather than food limited.
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INTRCDUCTION

This section presents some design options for the artificial
reef proposed for deployment offshore of Waikiki, Oahu. The
objective of this construction is to locally enhance the fish
resources for viewing by submarine.

Initially this section describes the types of materials to
be used in the construction of reefs and the rationale for their
use. We then discuss the design of modules to be built and the
uses of materials of opportunity that will be utilized:; the
deployment of these materials and subsequent underwater reef
construction are next covered. This section concludes with a
discussion of reef maintenance and the possible recovery of
deployed materials in the event this must occur.

We propose that a number of different materials be used in
developing the proposed artificial reef. These materials include
flowable concrete for the construction of open framework concrete
cube modules or "dice blocks", surplus concrete sheets and piles,
surplus vessels and possibly aircraft.

Ideally the materials to be utilized in the construction of
the propeosed artificial reef will conform to several basic
criteria. Materials must be stable in the high energy habitats
characteristic of nearshore Hawaiian waters. This can be
achieved either by using materials with a high mass to volume
ratio or by specifically designing reefs that produce low drag
coefficients. The most effective design employs both; concrete
used in the "dice blocks" and surplus "spandex" and piles pro-
posed for use in the "high tech" reef are both heavy and are
designed to produce low drag. By design, ships and planes pre-
sent surfaces that should not produce high drag underwater - if
they are oriented properly, i.e., "head first" into the prevail-
ing surge. These objects, however have a lower mass to volume
ratio and will be most stable in deeper habitats. Materials
should also be chemically inert underwater in order to increase
their life expectancy. Again concrete meets this criterion well,
however the service life of metals used in ships and planes will
be reduced over the years as a result of corrosion and electroly-
tic reactions. This degradation depends on the thickness and
types of metals used as well as the degree of biofouling the reef
experiences. The life expectancy of such a reef can be increased
by utilizing vessels that have been constructed of a thick metal,
preferrably of one single grade of steel. Materials selected for
reefs must also be non-polluting; vessels will be cleaned of all
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petroleun products, toxic paints and plastics, etc. Finally,
reef surfaces should not inhibit the growth of corals, algae and

other benthic organisms. concrete and metal are jdeal in this
respect. :

The design of each of the reef proposed for deployment is as
follows. This so-called "high tech" reef will utilize the basic
open framework concrete cube module design. Each module (cube)
measures a minimum of 1.5 m on a side. Modules will be assembled
+o form reef sets and reef sets will be grouped to form the
overall reef. Figure 1 is a sketch of a single reef set com-—
prised of 36 modules. Within a set, these modules will be placed
about 45 cm apart, yielding a larger reef at no added expense.
The set is 3 modules high (4.6 m); three rows of eight modules
form the basal layer on which are centered two Xows of 5 modules
each that make up the second layer. Twenty of the bottom layer
modules will be outfitted with horizontally placed concrete
rshelves” that are situated opposite the center horizontal module
crossmembexr. Five of the ten modules on the second layer will
similarly be outfitted with these shelves. The reef is topped
with two modules that are centered on the second layer. An
alternative methed is to pour all 36 modules in a reef set as a
single unit. Cconstruction on land would be more difficult but
subsequent deployment and undersea building would be simplified.
A single reef set (36 modules) will have an enclosed bulk volume
of about 186 m~3 At a minimum one would need three such reef
sets spaced no more than about 10m apart. This minimum design
would be most effective within an area off 1imits to any fishing
activity.

Figure 2 depicts 7 such reef sets deployed in a linear
fashion across the bottom; seven sets is a reasonable maximum.

As defined, four sets are in one row each spaced end on end about
6 m from each other. The linear arrangement will allow the
passengers greater viewing time as the submersible moves along.
The first group (most shallow) of four reef sets is about 61
meters in length. The overall orientation of the reef should be
perpendicular to shore so that impinging storm waves would impact
the smaller cCross sectional areas presented by the ends of the
reef sets. The two groups will be connected (from the fish’s
perspective) by a section of limited low cover which would not
exceed 45 cm in height. This cover will be created by surplus
concrete "planks'" or ngpandex." Spandex usually comes in 10 to
20 cm thick pieces 0.6 m to 1.2 m x 3 m in dimensions; damaged or
reject sheets should be quite inexpensive. prior to deployment
of the spandex, surplus reject) concrete piles (30 cm diameter
with varying lengths) will be scattered through the area and the
spandex placed on top. The pilings will keep the spandex off of
the substrate and provide shelter for fishes.

*4
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small inexpensive midwater fish attractors can be tautline
moored from the reef--approximate locations for these are shown
in Figure 2 as circles. Note that each reef set has 3 attrac-
tors and one is anchored between adjacent reef sets in a row.
These midwater aggregators are an optional item.

Since the assembly of the high tech reef underwater neces-
sitates extensive assistance by divers using SCUBA, the maximum
depth of the reef is 1imited. This problem can be alleviated
somewhat by constructing clusters of modules on land, assuming
that a crane operator could position the module clusters accur-
ately. With these constraints, the most efficient deployment
depth probably lies somewhere between 17 and 24 m. This type of
reef also requires a relatively hard and level substratum for
maximum stability.

Sandy or unconsolidated substrata present a problem for
deployed reefs. Heavy materials that have a relatively small
surface area in contact with the substratum such as the "high
tech" reef would tend to sink over time. Thus sand areas should
be avoided for the deployment of high tech modules; hard flat
substratum is preferred. In more open areas of unconsolidated
substratum such as on large sand flats, a vessel or a plane could
safely be placed. These materials contact the substratum with a
large surface area, reducing the probability that they will sink
into the sand. In the unlikely event that deployed materials
move due to storm surf, initial placement of the artificial reef
well away from natural reefs would minimize damage to local
natural substrata. Ships and planes would require modification
to allow free access of fishes and other organisms to interior
spaces. Holes (1 to 2 m in diameter) could be cut strategically
along the hull and deck of a ship to allow fishes entry and
eliminate "dead water" spaces within the reef. This effort should
increase the productivity of the reef by allowing light to enter
its inner reaches and also permit viewers to see fish species
that are typically cryptic.

Reef materials such as concrete modules, spandex and piles
would necessarily be deployed from a barge. Since careful place-
ment of modules on the bottom is critical to the performance and
stability of the reef and such placement is costly using SCUBA
divers, it is important that modules be lowered to the seafloor
with a crane. In Japan cubes or ndice blocks" as they are called
in the trade, are deployed by pushing them off of the side of the
deployment vessel. This leads to a haphazard distribution on the
bottom that is not as biologically effective as it should be;
there is also a certain amount of loss due to breakage. 1In this
proposal, the appearance of the reef is important so a careful
deployment with divers placing the modules is suggested. Assum-
ing that deployment was carried out during calm weather with flat
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Seas, the crane operator could lower modules close to their final
position, minimizing damage to the modules and effort expended by
divers in moving the modules with lift bags. Depending on the

plane.

Deployment of a ship in deep water (i.e. 50m or more) would
be accomplished by towing the vessel out to the desired location
and sinking it on site. Preparation and modification of the

Maintenance of all deployed reefs should be minimal. Taut-
line moorings for midwater fish aggregators will be changed

ﬁnlikely event that modules or other reef components are moved by
a storm, re-positioning materials will be necessary. A potential

of expertise. This event seems highly unlikely however, since
materials even if abandoned will impose no negative impacts on
the environment or human activities (see Section 3).
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INTRODUCTION

The proposed site for artificial reef development is located
about 1.4 km offshore of Waikiki between the Natatorium and
Diamond Head on Oahu. This section first presents the results of
field studies carried out at the site. We describe the extant
biological communities present; we then utilize these quantita-
tive data and qualitative observations as well as draw on infor-
mation provided in the first two sections of this report to
synthesize and delineate probable impacts and changes created by
the proposed deployment of reef materials.

MATERIALS AND METHODS

The fieldwork which provided the data base for this survey
of the marine macrobiota of the proposed artificial reef site was
conducted between 23 and 26 September 1987. The area encompassed
in these surveys is given in Figure 1 and covers an area from 23
to 30 m in depth about 1.4 km from shore.

The quantitative sampling of macrofauna of marine communi-
ties presents a number of problems; many of these are related to
the scale on which one wishes to quantitatively enumerate organ-
ism abundance. Marine communities in the study area may be
spatially defined in a range on the order of a few hundred square
centimeters (such as the community residing in a Pocillopora
meandrina coral head) to major biotopes covering many hectares.
Recognizing this ecological characteristic, we designed a sam-
pling program that attempted to delineate major extant commun-
ities in the limits of the study area and quantitatively describe
these communities. Thus, a number of methods were used.

To obtain an overall perspective on the extent of the major
communities or "zones" occurring in the study area, divers were
slowly towed behind a skiff over the study site. This exercise
allowed the qualitative delineation of major biotopes based part-
ially on large structural elements (e.g., amount of sand, hard
substratum, fish abundance, coral coverage or dominant coral
species). In the present study site, only one biotope was recog-
nized; in most assessments of this nature more than one will be
found. Within each biotope in a study site, stations are erected
and guantitative studies conducted, including visual enumeration
of fish, counts along benthic transect lines and cover estimates
in benthic quadrats. Besides these quantitative measures, a
qualitative reconnaissance is made in the vicinity of each sta-
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tion by swimming and noting the presence of species not encount-
ered in the transects. In this study all assessments were car-
ried out using SCUBA.

The location of stations were subjectively chosen as being
representative of the biotope. Immediately following site se-
lection, a visual fish census was undertaken to estimate the
abundance of fishes. These censuses were conducted over a 20 x 4
m corridor and all fishes within this area to the water’s surface
were counted. A single diver equipped with SCUBA, transect line,
slate and pencil would enter the water, count and note all fishes
in the prescribed area (method modified from Brock 1954). The 20
m transect line was paid out as the census progressed, thereby
avoiding any previous underwater activity in the area which could
frighten wary fishes.

Fish abundance and diversity is often related to small-scale
topographical relief over short linear distances. A long tran-
sect may bisect a number of topographical features (e.g., cross
coral mounds, sand flats, and algal beds), thus sampling more
than one community and obscuring distinctive features of indivi-
dual communities. To alleviate this problem, a short transect
(20 m in length) has proven adequate in sampling many Hawaiian
benthic communities (see Brock 1982).

Besides frightening wary fishes, other problems with the
visual census technique include the underestimation of cryptic
species such as moray eels (family Muraenidae) and nocturnal
species, e.g., squirrelfishes (family Holocentridae), aweoweo
(family Priacanthidae), etc. This problem is compounded in areas
of high relief and coral coverage that afford numerous shelter
sites. Species lists and abundance estimates are more accurate
for areas of low relief, although some fishes with cryptic habits
or protective coloration (e.g., the nohus, family Scorpaenidae;
the flatfishes, family Bothidae) might still be missed. Obvious-
ly, the effectiveness of the visual census technique is reduced
in turbid water and species of fishes which move quickly and/or
are very numerous may be difficult to count. Additionally, bias
related to the experience of the diver conducting counts should
be considered in making any comparisons between surveys. In
spite of these drawbacks, the visual census technique probably
provides the most accurate nondestructive assessment of diurnally
active fishes presently available (Brock 1982).

After the assessment of fishes, an enumeration of epibenthic
invertebrates (excluding corals) was undertaken using the same
transect line as established for fishes. Exposed invertebrates
usually greater than 2 cm in some dimension (without disturbing
the substratum) were censused in a 20 x 4 m area. As with the
fish census technique, this sampling methodology is quantitative
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for only few invertebrate groups, e.qg., some of the echinoderms
and holothurians. Most coral reef invertebrates (other than
corals) are cryptic or nocturnal in their habits making accurate
assessment of them in areas of topographical relief very diffi-
cult. This, coupled with the fact that the majority of these
cryptic invertebrates are small, necessitates the use of method-
ologies beyond the scope of this survey (e.g., see Brock and
Brock 1977). Recognizing constraints on time and the scope of
this survey, the invertebrate censusing techniques used here
attempted only to assess those few macroinvertebrate species that
are diurnally exposed.

Exposed sessile benthic forms such as corals and macro-
thalloid algae were quantitatively surveyed by use of quadrats
and the point-intersect method. The point-intersect technique
only notes the species of organism or substratum type directly
under a point. Along the previously set fish transect line, 40
such points were assessed (once every 50 cm). These data have
been converted to percentages. Quadrat sampling consisted of
recording benthic organisms, algae and substratum present as a
percent cover in five one-meter-square frames placed at five-
meter intervals along the transect line established for fish
censusing (at 0, 5, 10, 15 and 20 m). If macrothalloid algae
were encountered in the 1 x 1 m quadrats or under one of the 40
points, they were quantitatively recorded as percent cover.

During the course of the fieldwork, notes were taken on the
number of turtles and porpoises seen within the study area.

Simple methods of data reduction and analysis have been used
and are described where met with in the text. Diversity (H’) is
calculated as described by Pielou (1966), where:

H’= -Z Pi ln Pi

where p; is that proportion of the individuals censused belonging
to speclies i. This is the Shannon-Wiener index.

RESULTS

The proposed 4.05 ha Waikiki submersible operating site is
located on a broad gently seaward sloping limestone flat between
23 to more than 30 m in depth about 1.4 km offshore of the beach
between the Natatorium and Diamond Head (see Figure 1). The
limestone flat occurring through much of the proposed site slopes
seaward at a 5 to 10 degree angle; its origin is probably Pleis-
tocene. Across much of the limestone flat are shallow sand
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patches that range from 2 X 2 m to over 30 X 50 m in dimensions.
Some of this sand forms a veneer that under heavy surf conditions
must move about and scour the substratum. These sand patches are
spaced from 5 to over 80 m apart. The intervening limestone sup-
ports few corals: overall the coverage is much less than one per-—
cent. Common species encountered include Porites lobata and
Pocillopora meandrina. The largest Porites colony encountered in
this survey did not exceed 30 cm in diameter and the largest
Pocillopora head seen was less than 30 cm in diameter suggesting
that occasional high energy conditions must impact this area
retarding coral growth and the formation of a mature coral com-
munity. This large limestone flat comprises the biotope of flat
limestone pavement.

About 75 m shoreward of the proposed operating site the
biotope of flat limestone pavement coalesces with a large spur
and groove system. The spurs are large limestone "fingers" whose
long axes are oriented perpendicular to shore. These fingers are
from 0.5 to 5 m in height, 10 to 30 m in width, 20 to 50 m in
length and spaced from 15 to 50 m apart. Some corals may be
found on these spurs and coverage may locally attain 3 to 5 per-
cent. The spur and groove system lies outside of the proposed
operating area and thus was not surveyed in detail. Offshore of
the proposed operating site, the substratum begins to drop away
to greater depths such that the 100 m isobath lies about 500 m
seaward. No attempt was made to examine these deeper areas out-
side of the proposed site.

The proposed operating site lies wholly within the bictope
of flat limestone pavement. This biotope is a near continuous
feature for at least 5.5 km west along the south 0Oahu coast at
these depths (18 to 33 m). A qualitative reconnaissance was con-
ducted through the site moving from east to west in a depth range
of 24 to 29 m. 1In this survey major topographical features and
macrobiota were noted; a second qualitative survey was carried
out at the nearby popular dive destination, the "100 foot hole".
The "100 foot hole" is located to the east of the proposed sub-
marine operating area. The purpose of a qualitative survey at
this latter location was to provide some comparative information
on fish community development around the only known nearby high
topographical relief area. Two quantitative stations were estab-
lished to sample the biotope of flat limestone pavement. The
first station (Station 1) was established on the east end of the
proposed site in 26 m of water and the second (Station 2) on the
west end of the site in 24 m of water.

The substratum at Station 1 was near flat limestone with a
thin veneer of sand over it. The only structural relief present
in the 20 X 4 m transect area were a few waterworn basalt stones
(8 to 30 cm in diameter). No corals were encountered in the
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Table 1. Summary of the penthic survey conducted at Station 1 in
the biotope of flat limestone pavement offshore of Waikiki, Oahu
(Figure 1). Results of the 5 square meter quadrat sampling of the
penthic community (expressed in percent cover) are given in Part
A; a 40-point analysis is presented in Part B and counts of in-
vertebrates in Part C. A summary of the fish census is given in

Part D. Water depth is 26 m; mean coral coverage is 0 percent
(quadrat method) .

A, Quadrat Survey
Quadrat Number

Species 1 2 3 4 5
Algae
Lyngbva majuscula 0.5 0.75 0.5 1 0.5
Tunicata -
Ascidia interrupta 0.25 0.5
sand 99 99 99 98.5 99.5
Rubble 0.5 0.5

B. 40-Point Analysis

Species percent of the Total
Algae
Lyngbya majuscula 1
Sand T4
Rubble 5
Hard Substratum 20

C. Invertebrate Census (20 X 4 m)

Species Number

Phylum Arthropeda

Portunus sanguinolentus 1 (juvenile)
Phylum Mollusca

Terebra maculata 1

T. penicillata 1
Phylum Chordata

Ascidia interrupta up to 4 individuals/100cm”2

D. Fish Census (20 x 4 m)
6 Species
19 Individuals
Diversity (H’) = 2.48
standing crop (g/m2)=12.5
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quadrat survey (Table 1) but in the vicinity of this station were
seen a few colonies of Porites lobata (maximum diameter 8 cm),
Pocillopora meandrina (toc 20 cm diameter) and Montipora verrucosa
(to 3 cm diameter). Only 6 fish species (19 individuals) were
censused and the most common was the o/ili’uwi’uwi (Pervagor
spilosoma). The most important benthic species in the 5 square
meters of substratum sampled was the alga Lyngbya majuscula. In-
vertebrates encountered included the solitary tunicate Ascidia
interrupta, the augers (Terebra maculata and T. penicillata) and
the haole crab (Portunus sanquinolentus). In the vicinity of the
station was seen a small he’e (Octcpus cvanea), cones (Conus
lividus and C. striatus), the coral (Montipora flabellata), limu
(Dictyota sandvicensis) and a helmet shell (Cassis cornuta).
Fishes seen in the vicinity of Station 1 include malu (Barupeneus
pleurostigma), moano (P. multifasciatus), razorfish
(Novaculichthys taeniourus), kala holo (Naso hexacanthus), uku
(Aprion virescens) and the parapercid (Parapercis schauinslandi).

The qualitative reconnaissance carried out in the interven-
ing area between Stations 1 and 2 was comprised of a flat lime-
stone substratum occasionally interrupted by sand patches. Over
this substratum are scattered loose pieces of limestone as large
as 1 X 1 m in area and rising as high as 30 cm from the sub-
stratum. Algae seen in this survey include Enteromorpha sp.,
Halimeda opuntia, Neomeris annulata, Lygnbya majuscula, Dictyota
acutiloba, D. bartayresii, D. sandvicensis, Sphacelaria
furcigera, Desmia hornemannii, Peyssonellia rubra and
Tolypiocladia glomerulata. Macroinvertebrates encountered in-
clude the miter (Mitra mitra), cones (Conus lividus and C.
distans), sea urchins (Echinothrix calamaris, Pseudoboletia
indiana, Echinostrephus aciculatus), the large terebellid worm
(Loimia medusa), the aplysid (Notarchus lineolatus - aggregated
for spawning) and few corals (Pocillopora meandrina, Porites
lobata, Leptastrea purpurea, Montipora verrucosa and Pavona
varians). Other than eels and triggerfishes all other fishes
seen were either juveniles or species that only attain a small
size as adults. Fishes seen on this qualtitative survey include
the papio (Caranx orthogrammus), omilu (C. melampyqus), maiko
(Acanthurus nigroris), na’ena’‘e (A. olivaceus), kihikihi (Zanclus
cornutus), ofili’lepa (Cantherhines sandwichiensis, C.
verecundus), o’ili‘uwi’uwi (Pervagor spilosoma), humuhumu lei
(Sufflamen bursa), humuhumu hi’ukole (Melichthys vidua), humuhumu
ele’ele (M. niger), triggerfish (Xanthichthys auromarginatus),
malu (Parupeneus pleurostigma), moano (E. multifasciatus), tobies
(Canthigaster jactator and C. cornata), alo’ilo’i (Dascyllus
albisella), wrasses (Cheilinus bimacula and Pseudojuloides
cerasinus), malamalama (Coris ballieui), hinalea akilolo (Coris
gaimard), angelfish (Centropyge fisheri), kikakapu (Chaetodon
kleinii and C. auriga), lau wiliwili (C. miliaris), puhi paka
(Gymnothorax flavimarginatus), puhi’oni’o (G. meleaqris), puhi
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lau milo (G. undulatus), puhi (G. steindachneri), parapercid

(Parapercis schauinslandi), ala’ihi (Adioryx lacteoguttatus),
maka’a (Malacanthus hoedtii) and grouper (Caesioperca thompsoni).

Station 2 was carried out at the east end of the Proposed
operating site in 24 m of water. The substratum at this site is
flat limestone sloping at about a 5 degree angle seaward. Scat-
tered across this limestone are occasional depressions up to 4 m
in diameter and attaining a maximum depth of 30 cm. These de-
Pressions are spaced from 2 to 15 m apart and are filled with
sand and rubble. Other than the shelter provided by these poc-
kets, little topographical complexity is apparent.

Table 2 presents a summary of the quantitative survey con-
ducted at Station 2. Corals are not an important contributor to
the coverage at this station; mean coverage was estimated at 0.7

percent. Three coral species were found in the quadrats: Porites

lobata, Pocillopora meandrina and Montipora verrucosa. The lar-
gest corals seen in the area were P. meandrina with colony dia-
meters not exceeding 15 cm and P. lobata with diameters up to 10
cm. The alga Lyngbya majuscula was the most conspicuous benthic
component present (mean coverage = 2 percent). Three macro-
invertebrates were found in the 20 X 4 m census area; these were

the sea urchin (Echinostrephus aciculatus), the starfish (Linckia

diplax) and the black sea cucumber (Holothuria atra). Eighteen
fish species were censused in the 20 X 4 m area. The most abun-
dant fishes were the o’ili’uwi’uwi (Pervagor spilosoma) and the
damselfish (Chromis vanderbilti}. Two non-sedentary fish species
encountered in the survey were juvenile omilu (Caranx melampyqus)
and the papio (C. orthogrammus) ; probably the most unusual fish
species seen in the census was a dragon eel (Muraena pardalis).

In the vicinity of station 2 were seen a number of fish, in-
vertebrate and algal species not encountered in the 20 X 4 m sur-

vey area including a he’e (Octopus cyanea), corals (Leptastrea
pPurpurea and Pavona varians), limu (Neomeris annulata,

e e ——t

Hydrolithon reinboldii and Desmia hornemannii), sea urchins
(Echinothrix calamaris, E. diadema) and the Sea cucumber

(Holothuria nobilis). Fishes in this surrounding area include
na‘ena’e (Acanthurus olivaceus), o’ililepa (Cantherhines
Yerecundus), humuhumu nukunuku apua‘a (Rhinecanthus rectangulus),
lau’ipala (Zebrasoma flavescens), kihikihi (Zanclus cornutus),
rockmover (Novaculichthys taeniourus), wrasses (Labroides

phthirophaqus and Pseudocheilinus evanidus), moano (Parupeneus
multifasciatus), uhu (Calotomus zonarcha), toby (canthigaster

cornata), maka’a (Malacanthus hoedtii), blenny (Plagiotremus
ewaensis), parapercid (Parapercis schauinslandi), o’opu okala

(Diodon holocanthus), puhi lau milo (Gymnothorax undulatus),
puhi‘’oni‘o (G. meleagris), puhi kapa (Echidna nebulosa), umauma
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Table 2. Summary of the benthic survey conducted at Station 2
offshore of Waikiki, Oahu (Figure 1). Results of the 5 square
meter gquadrat sampling of the benthic community (expressed in

percent cover) are given in Part A; a 40-point analysis is

presented in Part B and counts of invertebrates in Part C. A sum-
mary of the fish census is given in Part D. Water depth is 24m

mean coral coverage is 10 percent (quadrat method).

A. Quadrat Survey
Quadrat Number

Species 1 2 3 4
Algae
Dictyota sandvicensis 1
Lyngbya majuscula 7 1l 6 1
Corals
Porites lobata 0.5 1 0.5
Pocillopora meandrina 1.2 0.5
Montipora verrucosa
Sand 45
Rubble 53
Hard Substratum 90.3 93 99
B. 40-Point Analysis
Species " Percent of the Total
Algae
Lyngbya majuscula 1
Corals
Porites lobata 1
Sand 7
Hard Substratum 91
C. Invertebrate Census (20 x 4 m)
Species Number
Phylum Echinodermata
Linckia diplax : 1
Echinostrephus aciculatus 2
Holothuria atra 1

Phylum Chordata

Ascidia interrupta up to 1 individual/i00cm*2

D. Fish Census (20 x 4 m)
18 Species
100 Individuals
Diversity (H’) = 2.48
Standing crop (g/m2)=76.0
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lei (Naso literatus) and the snake eel (Myrichthys maculosus) .

A short qualitative survey was made of the fish community in
the vicinity of the "100 foot hole". The 100 foot hole is a
popular dive spot and fishermen regularly utilize the area. Ap-~
parently, the hole itself was filled in by Hurricane Iwa in
November 1982 leaving a small (about 30 X 50 m) area of eroded
1imestone caves and boulders shoreward of the old hole. Our
qualitative reconnaissance of the proposed operating area and en-
virons found no other nearby area with comparable cover. The
fish community in this relatively high natural cover area could
be indicative of how successful habitat enhancement efforts could
be in the operating site thus a short survey was undertaken.

A number of fishes of commercial importance were Seel in the
vieinity of the 100 foot hole; among these were three striped
marlin (Tetrapterus audax) and a school of kawakawa (Euthynnus
affinis). Both of these species are high seas pelagic forms and
were probably in the area because of a school of potential prey -
opelu (Decapterus macarellus) that were present at the 100 foot
hole. Other commercially important fishes present include kumu
(Parupeneus porphyreus) , moano (B- multifasciatus), malu (P.
pleurostigma), malu (P. bifasciatus), weke’ula (Mulloides
vanicolensis), weke (M. flavolineatus), mempachi (Myripristes
amenus), uku (Aprion virescens), pa‘opa’o (Gnathanodon

e e e et e e et

speciosus), omilu (Caranx melampygus), papio (C. orthogrammus) ,
and uhu uliuli (Scarus perspicillatus). other fish species pre-
sent of lesser commercial interest include na‘ena’e (Acanthurus
olivaceus), taape (L tjanus kasmira}, kala lolo (Naso breviros=—
tris), kala holo (N. hexacanthus), mamo (Abudefduf abdominalis)

A L e

and the whitetip shark (Triaenodon obesus) . other smaller fish
species in residence around the 100 foot hole include alo’ilo’i
(Dascyllus albisella), humuhumu ele’ele (Melichthvs niger), humu-
humu hi‘ukole (M. vidua), kikakapu (Chaetodon kleinii), lau wili-
wili (c. miliaris), o’ili lepa (cantherhines verecundus), nunu
(Aulostomus chinensis), hinalea fakilolo (Coris gaimard), malama-
jama (C. ballieui), hilu (C. flavovittatus), wrasse (c. venusta),

damselfishes (Chromils wvanderbilti and C. verator), o’ili’uwi’/uwi

(Pervagor spliosoma), razorfish (Novaculichthys taeniourus) ,
jauwiliwili nukunuku‘oi’oi (Forcipiger flavissimus) and butterfly

fish (Hemitaurichthys polylepis).

SITE SPECIFIC IMPACTS AND RECOMMENDATIONS

The rationale for the applicant’s proposal to build and
deploy an artificial reef offshore of Waikiki is to locally en-
hance fish communities for a better dive tour experience.
Utilizing the information presented above, what enhancement ef-
fects if any might be expected from the development and deploy-
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ment of an artificial reef in this area? The answer will part-
ially depend on the design and size of the reef as well as the
placement of the reef in relation to immigration sources and
water motion characteristics present in this area.

To be successful an artificial reef must be situated on an
appropriate substratum; for most reefs this means a firm or solid
substratum. A second prerequisite is that the artificial reef
should not directly compete with natural reefs, thus the deploy-
ment site should not have high natural cover. The proposed site
examined in this study has very jittle in the way of appropriate
cshelter for adult coral reef fishes. Indeed, other than the
natural cover present at the "100 foot hole" some distance away,
very little shelter exists within or adjacent to the proposed
enhancement site.

The open framework concrete cube artificial reef that has
been established in Maunalua Bay, oahu is biologically successful
(see Section 1). This design is appropriate for hard substratum
areas; if deployed on a soft or shifting substrate, the internal
void spaces may be filled up with loose material. Unconsolidated
material is transported by currents or wave energy. If this
enerqgy is dissipated or decreased, these materials will winnow or
settle out. This may occur where currents impinge on a reef
resulting in a buildup of unconsolidated materials in and around
the reef. This eventually may lead to reef burial, thus the
choice of substrates for deployment is important.

The large open expanse of flat limestone present in the
proposed deployment site is ideal for the placement of an open
framework concrete cube artificial reef. This substratum is
physically similar to that present at the open framework concrete
cube artificial reef in the nearby (9 xm) Maunalua Bay artificial
Reef Site. Benthic communities between these two areas are
similar. The Maunalua Bay experimental reef has been very suc-—
cessful in locally enhancing fishery resources (see above); the
diverse fish community present at the 100 foot hole (the only
nearby site known to us with high cover) further suggests that a
designed artificial reef placed offshore of Waikiki in the bio-
tope of flat limestone pavement will support a high biomass,
diverse fish community.

The reef design proposed for deployment has good stability
characteristics and utilizes concrete as the construction mater-
jal. The durability afforded by concrete, its high mass to
volume ratio and the proven stability of the module design are
probably the most important factors contributing to a long life
expectancy in the deployed reef. The potential impact of storm
surf on deployed materials situated in 25 to 35 m of water is de-

pendent on the magnitude of the given storm, its course (direc-
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tional heading), the coefficient of friction, drag forces, and
the weight as well as the design of the reef materials.

Besides the use of a specifically designed artificial reef
as a primary means of enhancing the fishery resources in the
shallower part of the proposed operating site, we reccommend that
& surplus ship (or ships) be modified and deployed in the deeper
part of the operating area to improve fish populations. Prior to
Placement, these ships should be cleared of all possible sources
of pollution (i.e., oil, fuel, engines, etc.) and holes cut
through the hull (and deck) above the waterline to make easy
access for marine life. A ship that has not been "opened up"
does not have the enhancement characteristics of one that has.
Dark "dead water" areas such as seen in the interiors of the Ww
II wrecks in Truk Lagoon have very few fish (R.B. personal obser-
vations); holes should be from 1 to 3 m in diameter and be cut to
allow adequate light penetration and water circulation through
the hull. Wwhen deployed the ship should be oriented with the bow
facing offshore into the usual direction of wave impact to mini-
mize exposed surfaces and possible movement during storms. Ad-
vantages to the use of modified surplus vessels for enhancement
at this site are that minimal diver assistance is needed for
deployment and that the costs of materials are low.

A number of impacts may be expected if these activities are
carried out. Negative impacts include (1) coverage of the sub-
stratum and extant communities by the deployed objects, (2) pos-
sible leaching of toxic substances from these materials and (3)
the potential for storm induced movement of the deployed reef
components. Potential positive impacts include (1) the local en-
hancement of fish resources and (2) the increased availability of
hard substratum for benthic community development.

The deployment of these reef materials will destroy com-
munities on which they are placed. If a surplus vessel is de~-
Ployed, it will probably be situated on deep water sand substra-
tum offshore of the high tech artificial reef. This sand flat is
a near continuous feature at depths between 36 to 55 m affronting
Waikiki, Ala Moana and Kewalo. The addition of this hard sub-
stratum in an area otherwise comprised of sand will provide
habitat for the establishment of hard bottom benthic communities
which may serve as food resources for many coral reef fish spec-
ies. It is proposed that the high tech artificial reef be placed
on a limestone substratum in the biotope of flat limestone pave-
ment. Our quantitative surveys found this biotope to be depau-
perate; mean coral coverage is less than one percent and the
diversity of fishes, invertebrates and algae are relatively low.
The data suggest that deployment of a reef in this biotope will
have little negative impact to the extant macrobenthos.

12
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If the surplus vessel(s) to be deployed in the Waikiki site
is properly prepared by the removing all sources of potentially
toxic materials, there should be no leaching of such materials
subsequent to their placement. Likewise the concrete modules may
be considered inert; ongoing studies being carried out on the ex-
perimental reef in Maunalua Bay show that concrete is a superior
substrate for the settlement and growth of corals relative to me-
tal or automobile tire rubber,

The biomass estimates made at Stations 1 and 2 were: Station
1 = 12.5 g/m*2 and Station 2 = 76 g/m~2 (see end of Appendix D).
These estimates further substantiate the lack of fishes presently
in the proposed operating area. Prior to the placement of the
experimental reef in Maunalua Bay, the mean standing crop of
fishes was estimated to be 61 g/m~2. Deployment of the reef
brought this mean up to over 1400 g/m*2 (even under heavy fishing
pressure) while a nearby control area maintained an average
standing crop of 53 g/m~2. The predevelopment standing crop es~
timates in the proposed Waikiki site are similar to those in
Maunalua Bay prior to reef placement. The data from the Maunalua
Bay experimental reef suggest that with the addition of shelter
in the Waikiki site, we should expect an enhancement of fish
species diversity and biomass. At a minimum, the standing crop
should increase by a factor of 30 (to about 1500 g/m~2) in and
around the newly created high tech reef. The maximum standing
crop that may be expected could approach 3500 g/m*2; in contrast,
the maximum on natural reefs is about 200 g/m~2 (see also Section
1). If appropriately modified with holes allowing adequate light
and water circulation, any vessel placed on the deep sand flat
offshore of the proposed reef at Waikiki should result in a large
local increase in fish. Presently the standing crop of fishes
probably does not exceed 10 g/m*2 (note: biomass on the deep
sandflat was not measured in this study).

Most of man’s activities that impact marine systems do so in
a negative way. Thus construction activities that are of benefit
to man (such as the development of a harbor or the disposal of
sewage) may lead to permanent changes in nearby marine communit-
ies. These changes frequently involve the local loss of species
(community simpiification) and/or changes in the energy flow
through the community.

Manipulations involving habitat enhancement are among some
of the few of man’s activities that result in the improvement
and/or restoration of marine communities. The establishment of
appropriately designed artificial reefs is a proven means of
habitat enhancement (see Section 1). If allowed to occur, a
program developing and deploying designed artificial reefs in the
Waikiki site as proposed in this document will lead to substant-
ial local increases in the abundance and diversity of fishes.

13



Once established, this locus of high fish concentration (the
deployed reef) will serve as a point source for the production
and recruitment of larvae and/or immigration of adults to other
locales, thus increasing the biological diversity and abundance
over an area much larger than just the reef itself. The est-
ablishment of carefully designed artificial reefs as proposed
herein will enhance reef fish and fisheries over a much greater
area than might be initially realized. 1If established in no-
fishing zones, these reefs concurrently foster the conservation
of marine resources.

Not only would appropriately designed artificial reefs bene-
fit fish communities as noted above but the same benefits would
accrue to benthic communities. Designed reefs provide appropri~-
ate stable substratum for recruitment and growth of corals and
other benthos. These benthic components may serve as forage or
forage sites for fishes thus the reefs may locally enhance the
food webs utilized by some fish species.

"High tech" artificial reefs as we propose are expected to
have a 30 to 50 year life expectancy; in conclusion the devel-
opment of a program of habitat enhancement as outlined in this
proposal will lead to long-term positive benefit over areas much
larger than just the proposed sites themselves and thus to many
other user groups besides the applicant.

14
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FIELD DATA

Results of the guantitative 20x4 m visual fish censuses con- |
ducted at stations 1 and 2 (the biotope of flat limestone
pavement) in the proposed Oahu artificial reef site. Numbers in -
the body of the table represent counts of individual fishes. To-
tals and a diversity index (H’) are given at the end of the ap-
pendix. Depths measured during the two surveys ranged from 24 to _
26 m. '

FAMILY and Station Station ~—
Species 1 2

—-——--—--—-—o-—-————--u———-q-——-..————-————————-————————-.—_----.—-————.-

ACANTHURIDAE

Acanthurus nigroris 1 t
Acanthurus oljivaceus 2

BALISTIDAE 1

Melichthys niger
Melichthys wvidua 1 £
Sufflamen bursa )

CARANGIDAE

Caranx melampyqus 1 s
Carangoides orthogrammus 2 |

CHAETODONTIDAE @i
Chaetodon kleini 9 +

[l S

LABRIDAE .
Pseudojuloides cerasinus 3 3 ?i
Coris gaimard 1 &
Coris balljeui 2
Stethojulis balteata 1 g%
Hemipteronotus pavoninus 1 i

MONACANTHIDAE
Pervagor melanocephalus 1
Pervagor spilosoma 11 51
Cantherhines sandwichiensis 1

MURAENIDAE

Gymnothorax flavimarginatus 1
Muraena pardalis 1l
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DATA (cont’d)

FAMILY and
Species

POMACANTHIDAE
Centropyage potteri

POMACENTRIDAE
Chromis vanderbilti

TETRACDONTIDAE
Canthigaster jactator

Total Number of Species
Total Number of Individuals
Diversity (H’)

Standing Crop (g/m*2)

Station

19
1.31

12.5

21

Station

19

18
100
1.75

76.0
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APPENDIX E

BOAT TRAFFIC SURVEYS CONDUCTED
OFF HONOLULU, OAHU

By

Sea Engineering, Inc.
Makai Research Pier
Waimanalo, Hawaii 96795
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Boat Traffic Burveys

The boat traffic surveys were conducted in potential submer-
sible operating areas to determine the frequency and types of
boat traffic which presently occurs. Survey sites included an
earlier proposed operating area off Kakaako, a site off Ala Moana
undertaken for comparative purposes, and a site off Waikiki. At
each site, the survey boat was anchored at the approximate 60 to
90 foot depth and all boat traffic logged for a 12 hour period
between 9 AM and 9 PM (except the surveys off of Waikiki which
were terminated at sunset). The general weather and sea condi-
tions were noted each survey day. The following information was
logged for each vessel passing within approximately 500 yards
(1,000 yards off Kakaako) of the survey boat: time, type of
craft, length, make or name, commercial or private, apparent use
or activity, where coming from or going to, and its closest point
of apprcach (CPA). The information logged is based on the sur-
veyors best guess or estimate of the vessel’s length, use, and
activity.
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SUBMERSIBLE OPERATING AREA
BOAT TRAFFIC SURVEY

OATE: 09/22/87 TIME BEGIN: 0900 TIME END: 1115
SEA:SWELL, 1-2' SURF:1-3' WIND SPEED: § WIND DIRECTION: VAR,  CLOUD COVER: 100% CLOUDY W/SHOWERS
1 PM WIND SHIFT TO 5.
TYPE OF CRAFT  APPROX VESSEL

TIME POWER SAIL OTHER LENGTH MAKE/NAME  COMM. PRIVATE  ACTIVITY NOTES CPA (YDS)*
0360 X X 70"  HILTON CAT X TOURISM SHORE TO D.H, & BACK- 100
0320 X 30'  “SKYRIDER® X TOURISM PARASAILING 40
1000 X 19" FIBERFORM X PLEASURE DRIFTING EWA TO D.H. 300
1012 X 80’ TRAWLER X - FISHING EWA TO D.H. 0.8. 200
1015 X 17" BOSTON WHALE X PLEASURE EWA TO D.H. I.B. 300
1017 X 40' CABIN CRUISE X FISHING EWA TO D.H. I.B. 60
0 X 19" 8L FIBR FORM X PLEASURE  DRIVING BACK TO ALA MOANA 100
1033 X 20"  "SKYRIDER* X TOURISH PARASAILING 60
1052 X 40' *MEANDER® X PLEASURE SAILNG D.H. TO EWA 20
15 X 0! *AND ANI® X TOURISM KEWALO TO WAIKIKI 400
119 X 1" CANCE X PADOLING D.H. TO EWA [.B. 400
125 X 15"  MCKEE CRAFT X FISHING EWA TO D.H. [.B. 160
1208 X 80'% 200'TUG & BARGE X TOWING 0.H, TO EWA 0.8. 60
1222 X 50"  TUNA BOAT X FISHING 0.H. TO EWA 1.B. 200
1225 X 40' SAILBOAT X PLEASURE  TACK JUST EWA OF BOAT OB 150
1230 - X 30°  CAT (RED) X TOURESM SAILING AROUND WAIKIK! 300
1280 X 30'  CSKYRIDER* X TOURISM PARASAILING 50
1246 X 50'  °SKYRIDER* X TGURISM SAILING AROUND WAIKIKI 250
1360 X 50°  "SKYRIDER® X TOURISM PARASAILING 60
400 X 50'  “SKYRIDER® X TOURISM PARASAILING 50
1400 X 40" CATAMARAN X TQURISM SAILING AROUND WAIKIKI 100
1415 X 30" SAILBOAT/RED X TOURISH SAILING AROUND WAIKIKI 200
1418 X 50'  CATAMARAN X TOURTSM SAILING AROUND WAIKIKI 40
KEPOIXAL 11
1422 X §0°  °SKYRIDER* X TOURISM PARASAILING 100
1430 X 50" KEPOIKAI II X TOURISM SAILNG BACK TO SHORE 20
1435 X 17'  BOSTON WHALR X PLEASURE D.H. TO EWA [.B. 400
1438 X 60'  TUNA 80AT X FISRING EWA TO D.H. I.8. 40
*LUZON®
1446 X 18" BL FIBERFORM X PLEASURE EWA TO D.H. 1.B. 300
1452 X 19" 8L FIBERFORM X PLEASURE DROYE ARQUND BUDY I.8. 300
1505 X 10’ “ANI ANI® X TOURISM  KEWALO TO WAIKIKI & BACK 400
1530 X 40'  CAT (YELLOW) X TOURISM WALKIKI TO D.H. & BACK 100
1533 X 22'  PRINDLE CAT X PLEASURE WAIKIKI TO D.H. 0.B. 500
1553 X 35'  CHARTER BOAT X FISHING 0.H. TO EWA 0.8. 500
1607 X 40'  CAT (PINK}) X TOURISM EWA TO D.K. I.B. 150
1607 X 40" CAT (WMITE) X TOURISM EWA TO D.H. I.8B. 150
1610 X 40"  CAT (BLUE) X TOURISM D.H. TO WAIKIKI 1.8. 200
1619 X 40'  CAT (PINX) X TOURISM D.H. & BACK TO WAIKIKI 40
1640 X 40" CAT (WHITE) X TOURISM D.K. & BACK TO WAIKIKI 50
1650 X 30* FISHING BOAT X FISHING EWA TO D.H. L.B. 100
1700 X 80°8200'TUG & BARGE X TOMING HON HABOR 70 D.H. 0.8. 400
1730 X 40"  CAT (PINK) X TOURISM WAIKIKL TO 0.H. 50
1750 X 40°  CAT (PINK) X TOURISM D.H. & BACK 80
1755 X 50° SAILBOAT X PLEASURE 0.H. & BACK 100



SUBMERSIBLE OPERATING AREA
BOAT TRAFFIC SURVEY

TIME BEGIN: 0500 TIME END: 1115
WIND SPEED:10-15  WIND OIRECTION: NE TRADECLOUD COVER: CLEAR

DATE: 09/26/81
SEA:CALM;LT.CHOP SURF:1-3'

TYPE OF CRAFT  APPROX VESSEL

TIME POWER SAIL OTHER LENGTH  MAKE/NAME COMM. PRIVATE  ACTIVITY NOTES cPa (Y0S)*
1355 X 30'  PATRIOT X PLEASURE  ALA WAL TO D.H.8. 0.8 50
1356 X 30" CATAMARAN X TOURISN  WAIKIKI TO SOUTH 1.8. 100
1400 X 20 KIALUA X PLEASURE  ALA WAI TO SOUTH 0.8 50
1409 X 30°  BLUEMAX X FISHING  ALA WAL TO D.H. 1.8, 50
ez X 18’ GLASS PLY X FISHING D.H. TO ALA WAl I.B. 100
1417 X 1% SUNFISH X PLEASURE WAIXIKI TG D.H.B. 1.8 100
1420 X 20 CATAMARA X TOURISK  WALKIKI TO SOUTH 1.8 50
1470 X 30' MANAKAL X TOURISN  WAIKIKI TO SOUTH 0.8 50
1423 X 30'  ROYAL HANN X TOURISH  WAIKIKI T SOUTH 0.8 50
a1 X 0'  PARMSAIL X TOURISN  ALA WAL 70 0.H.E. 0.8 300
1430 X 30° MANAKAT X TOURISN  SOUTH TO WAIKIKI I.8 100
1431 X 30°  ROVAL HAWN X TOURISM  SOUTH TO WAIKIKI 1.8 100
1435 X 28" SAILBOAT X PLEASURE  SOUTH TO WAIKIKI 0.8 300
1437 X 16'  HOBIE CAT X PLEASURE  WAIKIKI T0 0.H.B. I.8 50
u X 40'  PARMSAIL X TOURISN  ALA WA TO SOUTH 0.8. 100
144 X €' ENDEVOR X PLEASURE  WAIKIKI TO SOUTH 1.8 50
1453 X 0°  PARASAIL X TOURISK  ALA WA TO SOUTH 0.8 100
1459 X 12' 201K X PLEASURE  ALA WAI T0 0.H.8. 0.8 50
1501 X ' ADONAIS X PLEASURE  D.H.B. TO ALA WAI I.B 50
1503 X 30' . SAILBOAT X PLEASURE  ALA WAI T0 0.4.8. 0.8 200
1509 X 26'  SAILBOAT X PLEASURE  D.H.8. TO WAIKIKI I.8 300
1521 X ' BLUEMK X FISHING  D.H.B. TO ALA WAI 0.8 50
1524 X 26'  SAILBOAY X PLEASURE  WAIKIKI TO D..B. I.8. 200
1543 X 18'  SPEEDBOAT X PLEASURE  ALA NAI TO WAIKIKI I.8. 400
1551 X 50° LS X FISHING  ALA WAl 10 D.K.B. 1.8 150
1552 X 30 MANAKAT X TOURISN  WAi«IKI TO SOUTH 0.8 100
1602 X 24'  SAILBOAT X PLEASURE  0.H.G. TO WAIKIKI .8 4o
1607 X 22'  FISH BOAT X FISHING D..8. TO WEST 0.8. 500
1609 X 30° MANAKAL X TOURISN  SOUTH TO WAIKIKI 1.8 400
1612 X ' HOBIE CAT X PLEASRE  SOUTH TO WAIKIKI 1.8 350
163 X 21'  WHALER X PLEASURE  ALA WAI TO D.K.8. I.B 350
1638 X 26'  BERTRAM X FISHING  0.K.B. TO WIAKIKI I.8. 500
1645 X 30°  CATAMMRAN X TOURISM  WAIXIKI TO D.H.B. I.8. 150
1650 X 19" PONER BOAT X PLEASURE  WAIKIKI T0 0.H.8. [.8 500
1652 X 2' MAKO X PLEASURE  ALA WAI TO D.H.B. 1.8 100
1659 X €' MALULANI X PLEASURE  0.H.B. TO ALA WAI L.8. 80
00 X 19'  KAYAK X NORK  WAIKIKI TO STATION I.8. 0
1718 X /' SAILBOAT X PLEASURE  ALA WAI TO D.H.8, 0.8 100
ms X M SKPAN X FISHING  ALA WAI TO D.K.8. 0.8, 100
1725 X 35" SAILBOAT X PLEASURE  0.H.B. TO ALA WAI [.8. 200
1750 X 30°  CATAMARAN X TOURISM  ALA WA TO D.K.B. I.8 400
156 X 85'  PEARLKAI X TOURISM  ALA WAI 7O 0.H.8. 1.8 100
1805 X ' HILTON X TOURISN  ALA WA TO D.H.8. 1.8 300
. RAINBOX
1805 X 60 AIKNE X TOURISM  HONO. TO D.K.8. L.8. 200
1810 X 18" NHALER X PLEASURE  D.H. TO ALA WAI I.B. 500
1894 X 60°  HOKUNANI X TOURISM  HONO. TO D.H, 0.8 120
1820 X 90'  ROVAL X TOURISN  HOND. TO D.H. 0.8. 300
PRINCE
1822 X 35 CATAMARAN X TOURISN  D.H. TO ALA WAI 1.8, 500
1823 X 28'  SAILBOAT X PLEASURE  ALA WAL TO D.H. I.B. 400
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DATE: 09/26/87
SEA:CALM;LT.CHOP SURF:1-3'

SUBMERSIBLE OPERATING AREA
BOAT TRAFFIC SURVEY

TIME BEGIN: 0900
WIND SPEED:10-15

TIME END: 1115
WIND DIRECTION: NE TRADECLOUD COVER: CLEAR

TYPE OF CRAFT  APPROX VESSEL
TIME PONER SAIL OTHER LENGTH MAKE/NAME COMM. PRIVATE  ACTIVITY NOTES CPA (YDS)*
0930 X 40"  "SKYRIDER' X PARASAIL ALA WAL T0 D.H. I.B. 500
0958 X 17" WHALER X ESCORT TO ALA WAL 1.8, 400
0958 X 40' CANOE X TRAINING TO ALA WAI {.B. 400
1000 X 20! CAL 20 X SAILING 10 0.H.B. [.B. 75
1009 X 26" SAILBOAT X PLEASURE ALA WA] SOUTHEAST 300
1016 X 18'  GLASS PLY X FISHING D.H.8. TO ALA WAL 0.8. 100
1020 X g0* NA HOKU X TOURISN WAIKIKI TO D.H. I.B. 400
104 X 14’ WHALER X FISHING WAIKIKI TO D.H. 1.8, 300
1026 X Aa' PARASAIL X TOURISH ALA WAI TO WAIKIKI 1.B. 250
1028 X X 40'  °SKYRIDER® X TOURISM ALA WAL TO D.H. 1.B. 50
1042 X 0’ SAILBOAT X PLEASURE ALA WAI TO D.H. 1.8B. 200
1040 X 20°  CATAMARAN X PLEASURE ALA WAT TO 0.H. [.B. 400
1045 X 19" GLASS PLY X FISHING WAIKIKI TO D.H. I.B. 100
1047 X 40'  "SKYRIDER* X TOURISM SOUTH TO WAIKIKI 0.8. 100
1047 X 30'  CATAMARAN x TOURISH WAIKIKI TO D.H. [.8. 250
1048 X [N PARASAIL X TOURISH ALA WAl TO WAIKIXI I.B. 300
1656 X 20' QUTBOARD X FISHING ALA WAI TO D.H. 1.B. 200
1102 X 12 THREE X FISHING WAIKIKI TO SOUTH 1.8. 100
SURFBOARDS
e X 45' COM'L FISHER X FISHING ALA WAl TO EAST 0.8. 500
123 X 40'  "SKYRIDER* X TOURLSH ALA WAL TO D.H. 0.B. §0
ERkD X 0’ SAILBOAT X PLEASURE ALA WAl TO SOUTH 0.8. 200
1 X 20" PLEAS CRAFT X PLEASURE SOUTH TO WAIKIKE 1.8. 100
115§ X 30' SAILBOAT X PLEASURE 0.H. TO WAIKIKI I.8. 200
1205 X 60’ NA HOKU X TOURISM WAIKIKI TO SOUTH I.B. 100
1206 H 30'  CATAMARAN X TOURESM WAIKIKI TO SQUTH 0.8B. 100
121 X 60’ NA HOKY X TOURISN SOUTH TO WAIKIKI 0.B. s
1215 X 13" GLASS PLY X FISHING D.H. TO ALA WAL L.B. 100
1218 X 22'  GLASS PLY X FISHING ALA WAT TO D.H. I.B. 400
1223 X g0’ SUNRISER X FISHING ALA WAl TO D.H. I.B. 100
1225 X 35 KEPOIKAL X TOURISM WAIKIKI TO SOUTH 0.8, 250
1238 X X 40'  MOTOR SAIL X TRAVEL WAIKIKI TO EAST 0.8. 400
CATAMARAN
1238 X 25' SANPAN X FISHING ALA WAL T0 D.H. 1.8, 15
1240 X 0’ SAILBOAT X PLEASURE WAIKIKI TO SOUTH 1.8. 200
1255 X 24" GLASS PLY X FISHING D.H. TO ALA WAL 1.8, 100
1258 X 26' SAILBOAT X SAILING D.H. TO ALA WAI I.B. 300
14 X 20'  GLASS BOAT X FISHING EWA TO D.H. 0.B. 400
1302 X 30' MANAKAI X TOURISM SOUTH TO WAIKIKI 0.B. 50
1305 X 30 PINK CAT X TOURESM WAIKIKI 7O SOUTH 0.8. 100
1306 X 16" CATAMARAN X PLESURE WAIKIKL T0 SOUTH 0.8. 100
131 X 26" CAL 26 X PLEASURE  SOUTHEAST TO ALA WAI 0.8. 200
1318 X ' SANPAN X FISHING 0.H. TO ALA WAl I.B. 350
1318 X 60' NA HOKU X TOURISM WAIKIKI T0 D.K. I[.B. 50
1320 X 26'  GLASS PLY b4 PLEASURE D.H. TO ALA WAL 0.8. 100
1330 X 30°  TWIN MAST X PLEASURE ALA WAl 70 0.H. 0.8. 100
1331 X 40' DEEP SEA X PLEASURE D.H. TO ALA WAl [.B. 300
FISHER
1345 X 28" FISH BOAT X FISHING D.H.B. TO ALA WAI 0.8. 50
1354 X 30’ MANAKAI X TOURISH WAIKIKI TO SOUTH [.B. 150
1353 X 20’ SAILBOAT X PLEASURE SOUTH TO WAIKIKI 0.8. 100
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SUBMERSIBLE OPERATING AREA
BOAT TRAFFIC SURVEY

DATE: 08/26/87 TIME BEGIN: 0800 TIME END: 1115
SEA:CALM;LT.CHOP SURF:1-3' WIND SPEED:10-15 WIND DIRECTION: NE TRADECLOUD COVER: CLEAR

TYPE OF CRAFT  APPROX VESSEL

TIME POMER SAIL OTHER LENGTH MAKE/NAME  COMM. PRIVATE  ACTIVITY NOTES CPA (YDS)*

1823 X go* ROYAL X TOURISM  D.H. TO HON. HARBOR 0.B. 100
PRINCE

1825 X 45’ HILTON X TOURISM D.H. TO ALA WAL I.B. 250
RATNBOW

1827 X 30" SAILBOAT X PLEASURE ALA WAI TO D.H. I.8. 500

1830 X 30" SHOREBIRD X TOURISH D.H. TO ALA WAl [.8. 50

1832 X 35" CATAMARAN X TCURISM D.H. TO ALA WAI 1.8. 500

X TOURISM 0.H. TO ALA WAI 1.B. 150

1835 X 60' ATKANE
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